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BRAKES IN AFRICA 


Air, Air/Yacuum and Vacuum Brake Equipment from the 
Westinghouse factories is extensively used all over the 
continent of Africa, on passenger and freight stock, steam, 
electric and diesel locomotives and the illustration shows 
two of 135 Class 5EI locomotives supplied by A.E.1I. Ltd., 
now in operation on South African Railways, fitted with 
Westinghouse Vacuum-Controlled Straight Air Brake 


Equipment. 


Westinghouse Electro-Vacuum Braking is also fitted on the 
400 coaches now running on the Cape Western Electri- 
fication and on the 349 coaches of the Reef Electrification. 


Danses Dib ew A ND M AUN-U FAC TU RE 


WESTINGHOUSE BRAKE AND SIGNAL CO. LTD. 
82 York Way, Kings Cross, London, N. | 
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Specialities : 


Traction problems. 

Electric locomotives. 
Automatic time-tables. 
Diesel-hydraulic locomotives. 
Steam and Diesel locomotives. 
Butt welding of rails. 

Railway electrification. 
Railway signalling. 

Diesel locomotives. 


Speed indicators and recorders. 


Permanent way equipment. 


Lightweight railway coaches. 
Wagons. 
Axleboxes. 


Automatic slack adjusters. 


Axleboxes. 

Steam heating systems. 
Locomotives. 

Railway signalling. Brakes. 
Rails, fish plates, sole plates. 


Diesel locomotives. 


AEl CAMSHAFT 
_ CONTROL 


Since 1938 AEI has supplied the bulk of the Control 


Equipment on London Transport Trains and over 2400 
camshaft equipments have been supplied or are on order. 


Please send enquiries to AEI Traction Division, 
Trafford Park, Manchester 17, or to your local AEI Office, 


Associated Electrical Industries Export Ltd. 
33, GROSVENOR PLACE, LONDON S.W.1I., ENGLAND 
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HYMEK DIESEL-HYDRAULIC 


LOCOMOTIVES 


95 British Railway type 3 HYMEK diesel-hydraulic locomotives, 
for mainline use, are being constructed for British Railways. 
These locomotives will be fitted with Bristol Siddeley Maybach 

engines and Stone-Maybach transmission, units of well known 
and widely used designs, successfully proved in many millions 

of miles of arduous service. 

The many advantages of HYMEK locomotives, backed by over 

a century of Beyer Peacock experience and craftsmanship, 


are attracting the attention of railways all over the world. 


TECHNICAL DATA 


Wheel arrangement B-B Engine Bristol Siddeley Maybach MD 870 


Wheel diameter 114 cm. Transmission box Stone-Maybach « Meky- 
dro» K184U 
Horsepower 1700 Axledrive gearboxes Stone-Maybach C 33V 
and 33 


Max. axle load 18,5 tons Starting T.E. (30% adh.) 22590 kg. 
Total weight 74 tons Continuous T.E: 15450 kg. 
Fuel capacity 3637 litres Max. service speed 145 km/h. 


Train Heating Stone-Vapor boiler 


BEYER PEACOCK (HYMEK) LIMITED 


Uniting the railway traction resources of : 


BEYER PEACOCK - BRISTOL SIDDELEY ENGINES - STONE PLATT INDUSTRIES 
LOCOMOTIVE HOUSE, BUCKINGHAM GATE, LONDON, S.W.1 


VAPOR PRODUCTS 


sewing railieads 
ever hundreds af 
milliens of miles 


Your attention is directed to the record of 
VAPOR products — in railroad service for 
over fifty years. Now used in 25 countries in 
Europe and over the world, VAPOR equip- 
ment includes all components of the steam 
or hot water heating system — from heat 
source, through regulators, radiation, valves 


, 


and thermostatic controls. Also, where elec- 
tric heat is necessary, VAPOR Control Sys- 
tems have found wide use with most satis- 
factory results. 


The VAPOR model OK steam generator is sectionally illustrated here to show you 
its sturdy construction. The unit is robust, reliable, and compact — with exception- 
ally high output per unit of weight, on axles. Vital statistics of OK-4616 : sustained 
output —750 kg/h; operating weight — 1,350 kg; overall dimensions — 165 x 110 
x 160 cm. Similar models available with outputs ranging from 225 to 2,000 kg/h. 


The VAPOR Thermostat shown here is just one in the hundreds of model and 
voltage designations now controlling railroad heating systems and air conditioning. 
VAPOR temperature controls are characterized by accurate performance and 
simple maintenance. They flatten the curve of temperature variation to within one 
degree centigrade, and all are manufactured to rigorous standards on exclusively 
patented production equipment. 


EQUIPMENT MADE IN HOLLAND 


Also illustrated in section —the compact VAPOR 4915-6 Circulating Water Heater 
(approx. 115kg and 70 x 40 x 48cm, with 32,000 kg Cal/h output). Widely utilized 
in heating systems on diesel railcars, and on diesel locomotives to automatically 
maintain full operating temperature of the engine coolant liquid. This of course 
assures full operating efficiency of the diesel, and eliminates the need for wasteful 
idling while on siding waiting for load. 


Also available for lower heat output requirement the highly efficient B. 70 heater 
with a capacity of 16,000 kg Cal. 


You are cordially invited to send for complete information. Please write to 


VAPOR INTERNATIONAL CORPORATION, LTD. 


224, SOUTH MICHIGAN AVENUE CHICAGO 4, ILLINOIS, U.S.A. 


or for the equipment made in Holland to 


VAPOR INTERNATIONAL CORPORATION, HOLLAND N.V. 


BREUKELEN — HOLLAND 


SAB BRAKE REGULATORS 


on Railways all over the world 


sf =< 


BROMSREGULATOR ~~ 
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welding capacity 
max. massive section 
min. massive section 
nominal power : 

on 50% duty cycle 


less joints = more comfort 


For complementary information, please contact 


ELECTROMECANIQUE 


Société Anonyme 19, rue Lambert Crickx - Bruxelles 7 - phone: 21.00.68 


a 


Butt welding of rails in lengths of 30 to 500 meters 
means larger spacing of rail joints, 

lessening of wheel battering on the joints and 

reduction of operation costs. SEBAR 45! flash butt welder 
also allows recuperation of old rails. 


VIII 


TELOC Speed Indicators and Recorders are known 
and appreciated throughout the World, as they permit 
exact observing of speed regulations and therefore con- 
tribute to the safety of passengers. Further, valuable 
information is provided to the Railway Traffic Manager 
for the re-organisation and speeding up of services. 


Hasler..Berne 


ALSTHOM 
has built since 1949, 


1000 

ELECTRIC 

AND DIESEL- ELECTRIC 
LOCOMOTIVES, 


totalizing an output 
of about 
3 MILLIONS HP. 


BB 16 500 locomotive. 3 500 H. P. 68 metric tons. French National Railways 


LSTHOM 
TRACTION 


38, AVENUE KLEBER .« PARIS 


COCKERILL- OUGREE contrisutes 


TO THE MODERNIZATION 
OF RAILWAYS 


With its complete line of diesel-electric 
locomotives ranging from 600 to 2000 HP, 
built under licence from Baldwin-Lima- 
Hamilton Corporation, specially engineered 
for passenger and freight service, COCKE- 
RILL-OUGREE has within its wide programme 
the precise unit which will perform econo- 
mically and reliably any specific job under 
any conditions of climate and terrain. 


CockerillOugree has also specialized in the 
production of diesel-hydraulic locomotives 
ranging from 200 to 800 HP 


COCKERILL-OUGREE 
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*MULTICATOR’’ AUTOMATIC TIME-TABLE 


1, FRANCIS WELLESPLEIN - ANTWERP-BELGIUM 


Bell Telephone Mfg Co 


The new centrally-controlled Multicator an 
nouncement system is based on a rationall 
designed series of mobile panel indicators se 
curing utmost flexibility in planning, installa 
tlon and operation 

Of standardized size and appearance, all exis 
ting types permit a harmonious and low-cos 
integration either into composite time-table 
for main halls or into individual indicator 
boards on the different platforms. 

At the control desk, provision is made for th 
operator to continuously check the informa 
tion shown on each individual Multicator unit 
For full information on this matter kind 
consult : 


INSTRUMENTATION AND CONTROL DIVISION 


TELS37.7 8 0OMEUEXe322061GA Ree MICROPHONE-ANTWER 
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Calculation by computer of timetables 


for Diesel 


traction,” 


by H. LAURENT, 


Ingénieur 4 la Direction du Matériel et des Achats de la Société Nationale des Chemins de fer Belges, 


and R. HAUTENAUVE, 


Dirigeant du Bureau des Etudes de l’ordinateur de la Société Nationale des Chemins de fer Belges. 


The departments of the Belgian National 
Railways (S.N.C.B.) have developed a 
method, based on the use of punched cards 
and computers, of calculating timetables 
for Diesel traction. The interest attached 
to such an application will be obvious to 
anyone. At the same time, however, the 
method would seem to provide a conclusive 
example for the potentialities of the new 
methods and for the flexibility with which 
these can be adapted to the requirements of 
a technical problem. 

We hope that the publication of this 
method will help to enlighten the spe- 
cialists in the various fields of railway 
activities about the new possibilities, often 
still ignored, offered by the computers. 

The present account will not contain 
any technological information of a spe- 
cialized nature. It should therefore not 
cause surprise that the computer will only 


rarely be discussed explicitly. In fact, the 
crux of the problem consists not so much 
in the working of the machine but rather 
in the rational transposition of the technical 
problem into one that can be tackled by 
computer techniques. Once this transposi- 
tion has been achieved, the exposition of 
the first problem is synonymous with the 
exposition of the second. 

In order to arrive at an efficient solu- 
tion, it is necessary to establish active and 
close collaboration between the specialists 
in both spheres. 

The following account provides a con- 
crete example of a collaboration of this 
kind. 


I. — TERMS OF THE PROBLEM 
The problem consists in calculating : 


a) the time required by a Diesel railcar or 
locomotive-hauled Diesel train to cover 


EE Ee SE 
(*) The calculation of timetables for electric traction will be dealt with in a separate study. 


1 
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the distance between two given points 
of the railway network; 
b) the times at which intermediate points 
are passed ; 
c) the speeds reached at these intermediate 
points. 
The times thus determined are called 
« performances ». 


II. — BASIC DATA 


1) Permanent data concerning the railway 
line. 


As the railway network is divided into 
a certain number of lines, the « line » unit 
is taken as basic unit of computation. In 
other words, the timetables are calculated 
by line, or by section of line. 

Any point of a line can always be char- 
acterized by an up-grade, a down-grade or 
level track, by a curve radius or straight 
alignment, and by the maximum authoriz- 
ed running speed. 

It is assumed that the curves give rise to 
an additional resistance : 


_ 150 
ce 


where r is the resistance in kilograms per 
metric ton of train weight; and 

C the curve radius in metres. 

In practice, the influence of the curves 
and that of the profile (up-grade, down- 
grade, or level track) determine a single 
coefficient for each point of the line. 


i 


Examples : 


a) an up-grade of 3.2 mm/m and a curve 
of 1 250 m radius give rise to an equi- 


750 
valent up-grade of 3.2 + —— = 


1250 


mm/m; 


b) a level track and a curve of 1500 m 
radius give rise to an equivalent up- 
de of 0 + ee 0.5 mm/m 
grade o ait 
c) a down-grade of 5.6 mm/m and a curve} 
of 500 m radius give rise to an equi- 


valent down-grade of 5.6 : : 1 
t wi 6S SS 
. sas 500 


mm/m. 


The line is divided into a certain number 
of sections, where each section has the 
same authorized maximum speed and the 
same combined coefficient of profile and 
curvature. 


A station or any other special point 
along the line is regarded as the end of a 
section. 


The punched card system comprises, as 
a permanent feature, a set of punched 
cards with basic data relating to all the 
lines of the network, with all the different 
routes, if any, which may be followed on 
the same line. 


These cards contain the following data : 
1) direction of running; 


2) number of the line; 


3) number of the route chosen on this 
line (either between two stations, or 
within a station, depending on the 
lay-out concerned); 

4) number of the section; 


5) maximum speed authorized on_ this 
section, in km/h; 

6) the kilometric position (expressed in 
kilometres and metres) of the end of the 
section (the number of the first section 
not being O01 but 00 so that the com- 
mencement of section 01 can also be 
obtained); 
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7) the combined coefficient of profile and 
curvature; 

8) the code of this combined coefficient, 
with 0 indicating a level track or down- 
grade; 

(a curve coefficient must always be 
regarded as an up-grade); and 
| indicating an up-grade: 

9) the name of the station, in plain 
language. 

These basic data are communicated to 
the Punched Cards Section by the Rolling 
Stock and Traction Department(!) of the 
S.N.C.B. who, for this purpose, use the 
document Sp 1/M.A. 22-3 (Appendix I). 

Any subsequent modification to the 
basic features of the line (speed limit, 
curvature, profile) must be recorded on a 
new document Sp 1/M.A. 22-3 which 
supersedes the earlier one. 

These data serve for the preparation of 
the set of basic data cards of the Punched 
Cards Section which is thus in possession 
of exact information concerning all lines 
of the network. 


2) Data specific to the required timetable. 


The calculation of a specific timetable 
obviously calls for further information, 
especially : 

— the type of run (through train, semi- 
fast train, stopping train), ie. the 
points along the line where it is desired 
either to book the train to stop or to 
know the passing time; 

— the weight of the locomotive; 

— the weight of the train set; 

— the maximum speed of the locomotive; 


(1) Called « Service du Matériel et des Achats » 
on the Belgian National Railways. (S.N.C.B.) 
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— the type of locomotive (and therefore 
its tractive effort/speed characteristic); 

— the kilometrage from the departure 
point; 

— the type of traction (two varieties for 
Diesel traction); 

— the type of train set (corresponding to 
a given formula of running resistance); 

— the coefficient of deceleration or brak- 
ing. 

This information is supplied by the Rol- 
ling Stock and Traction Department 
whenever it is desired to work out a time- 
table or a set of timetables. It is contained 
in document Sp 2/M.A. 22-3, « Calculation 
Instruction » (Appendix II). 

A scrutiny of this document will show 
that the data contained in it aie highly 
condensed. 

The top part provides the identification 
data and the information specific to the 
train. The main part of the document 
merely shows those sections of the line 
concerned where it is desired either to 
book a train to depart or stop or to calcul- 
ate the passing time. 

The section code numbers to be recorded 
first are : 

01 for the departure station, 

10 for a passing time, 

11 for an arrival] time. 

The document provides four columns 
for the indication of the arrival times at 
different stations. If these columns are 
not used, the figure zero is entered. 

Normally, it is not necessary to take the 
length of the train into account. However, 
a corresponding space has been provided 
in the form, and the contingency has been 
covered in the programme. 
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Example for using the form. 


For a semi-fast passenger train from 
Brussels to Tournai (passing time at Hal, 
stops at Enghien, Bassilly, Ath, Leuze('),) 
hauled by a Diesel locomotive T. 204 
weighing 108 tons, the Rolling Stock and 
Traction Department wishes to know the 
different timmings for train weights of 
200, 300, 400, 450 and 500 tons, respectiv- 
ely. 

For this purpose, it is sufficient for the 
Rolling Stock and Traction Department to 
forward the document shown as Appen- 
dix III. The Punched Cards Department 
will then combine the data contained in 
this document with those of the set of 
basic data in their possession in order 
automatically to obtain the five timetables 
concerned. 


Ill. — COMPUTATION WORK 


The organisation of this work has been 
designed for the compilation of a whole 
set of timetables with the highest possible 
degree of automation while reducing the 
obligations of the Rolling Stock and Trac- 
tion Department to a minimum. 


As is shown schematically in Appen- 
dix IV, the computation work comprises 
three phases : 


First phase. — Preparation of the work. 


The computation of a given timetable 
calls for the combination of the basic data 
with those contained in the « Calculation 


(1) Hal = end of section 11; 
Enghien = end of section 24; 
Bassilly = end of section 30; 
Ath = end of section 48; 
Leuze = end of section 56: 
Tournait = end of section 67. 
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Instruction » form. In certain cases, it may 
be necessary to reproduce a part of these 
data. 

In the example referred to above, the 
request is for the computation of five dif- 
ferent timetables for the same route from 
Brussels to Tournai. Since the Department 
has only one set of basic data available for 
this route, it is first of all necessary, in 
order to reduce the machine time, to 
reproduce five sets of identical cards. 
These cards contain, firstly, the identifi- 
cation data and the elements specific to 
the train and, secondly, the line character- 
istics conveniently arranged as regards the 
sections for which an arrival time or pass- 
ing time is required. 

All these operations are carried out 
automatically in bulk by means of the 
computer which also undertakes the pre- 
selection of the data required for the 
calculation. 


Second phase. — Performance calculation. 


a) Sectionalisation of the line. 


As already indicated, each line is divided 
into a certain number of sections, each 
of which has certain characteristics. This 
sectionalisation, which merely takes the 
line features into account, is obviously 
theoretical and must be adapted to each 
specific timetable depending, especially, on 
the train stops required and on the braking 
distances resulting from them. 

Moreover, the maximum speed authoriz- 
ed on a given section is not always the one 
which must be taken into account. This 
will apply to all cases where the maximum 
speed of the train is lower than the author- 
ized maximum speed of the section; in this 
case, the maximum speed of the train is the 
only one to enter into the calculation. 
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Subsequently, by (as it were) running 
over the line in the reverse direction, the 
computer will carry out the following 
operations in a single phase : 

1) replacing the authorized maximum 
speed by the maximum speed of the 
train wherever the latter is lower: 


VITESSE 


— d 
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The deceleration is assumed to be 
constant over the whole of the braking 
period, and is calculated as follows : 
on an up-grade or 

on the level : 
a =a) + = a = — = 


on a down-grade: 


OLSTANCE 


= 


N. B. — Vitesse = speed. 


2) determining and locating the different 
braking sections required to cause the 
train to stop or to comply with a 
specific speed limit. 

The braking distance is determined from 
the formula : 


2S V2 
PE See ied 
2a 
where : 
d = braking distance in metres, 
Vi; = maximum speed at the commence- 
ment of the braking section (in 
m/s); 
Vy = maximum speed at the end of the 


braking section, (in m/s); 
the deceleration m/sec?. 


where : 

a = the effective deceleration in m/sec?; 
do = the deceleration coefficient (or dece- 
leration on the level) in m/sec?; 

viz. 0.75 m/sec? for railcars; 
0.50 m/sec? for locomotive- 
hauled trains : 

i = the line profile expressed in the form 
of a decimal fraction, representing, in 
thousandths, the number of mm/m 
of the up-grade or down-grade (e.g., 
for an up-grade of 16 mm/m, / = 
0.016); 

g =the gravity acceleration, i.e. 9.81 m/ 
sec?; 
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k — the coefficient of inertia of the rotat- 
ing masses, assumed to be 1.175. 


If V; and Vy are given in km/h, these 
values must be divided by 3.6 in order to 
obtain the speeds in m/sec. 


It should be noted that, where the brak- 
ing distance exceeds the length of the 


VITE SSE 


f 


¢rongon Latelroncoa 2 a+Ae Sranpon 3 
| 


—— 


N.B. Vitesse = speed. 


section(s) preceding the train stopping 
point or the speed reduction point, a new 
speed (V;, V2 ___) is calculated for each of 
these sections as a function of the brake 
application required. 


Thus, after the completion of all these 
operations, the computer has divided the 
line into a certain number of sections 
adapted to the requested timetable, each 
of them presenting the criteria permntting 
a direct calculation of the performance. 


Example. 


This sectionalisation is schematised in 
the graph hereafter. 
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rp reimmage 


Freinage = braking. — Tron¢gon = 
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This contains the following items, in the 


order shown here : 
—— the kilometric position of the ends of 


the sections, in metres; 


— the numbers of the sections; 
—— the maximum speed authorized on each 


section; 


DISTANCE 


section. 


— the profile of each section; 

— the location of the stopping stations 
(end of sections 04, 05, 07, 08, 12, 13, 
wae 

— the braking distances; 

— above the latter, for greater convenien- 
ce, the kilometric position of the brake 
application points : 
section 17: 112.097—0.607= 111.490; 
section 13: 108,960—0.741= 108.219; 
section 12: 105.249—0.756= 104.493; 


4: 98,.952—0.412= 


section 98.540. 


In this last case, section 4 is entirely 


| 
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within the braking zone, and the brake 

application point is located in section 3, 

— the new sectionalisation of the line 
where the latter is, this time, followed 
in the direction 01, 02, 03 ..... 


b) Calculation of the running time. 


In order to obtain a fairly close approx- 
imation, the calculation of the acceleration 
and the resulting running time is carried 
out, on each section, by zones of 50 m 
length, called «integration steps». At 
the start, the first two integration steps 
are reduced to 25 m. 

In fact, the computer, in analyzing at 
each « integration step » the movement of 
the train running over the line, carries out 
a whole sequence of operations which can 
be characterized as follows : 


1) Calculation of the train resistance. 


The rolling resistance of the train on 
level track is calculated as follows : 


— for a locomotive-hauled train : 


R= [2a (ao)? 


RR Be 
+ [3+35 (Go) J 

where : 

R (A) = the resistance force in kilograms; 
V = the speed in km/h; 

P = the trailing weight in metric tons; 
jin =the locomotive weight in metric 

tons; 


— forarailcar : 


nin [asia (H) Ie 
where : 


R (A) = the resistance force in kilograms; 
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V = the speed in km/h; 
Q = the weight of the railcar, in metric 
tons. 


The total resistance is determined from 
the formula : 


Rie ela ato 


where : 


R — the total resistance of the train, in | 


kilograms; 

R(A) =the rolling resistance on level 
track, in kilograms; 

i =the combined coefficient taking 
into account the profile and 
curvature of the line, expressed 
as a number indicating the mm/m 
of the equivalent up-grade or 
down-grade; 

Q =the train weight in metric tons, 


The product 7 Q is added in the case of 


an up-grade and subtracted in the case of 


a down-grade. On level track, this product | 


is obviously zero. 


2) Calculation of the tractive effort at the 
wheel rim. 


To each locomotive speed corresponds 
a tractive effort at the wheel rim. 

The relation between these two variables 
can be expressed either by formulas or by a 
table, showing for different speeds the cor- 
responding values of tractive effort. 

In the case of Diesel electric locomotives, 
for instance, the mean tractive effort 
characteristic can be reproduced as fol- 
lows : 

The curve is regarded as consisting of 
three sections, viz. : 


1. A horizontal section where : 


the tractive effort 
F = constant. 


V 
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Here the traction effort at the wheel rim 


is determined by the adhesion which is 
deliberately limited to a moderate value 
corresponding to normal operating con- 
ditions. 


F ( Effert eux yeotes ) 
F4 
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and reaching the abscissa of the maximum 
speed at an ordinate smaller than that of 
the constant power hyperbola. This case 
occurs when the main generator is no 
longer able to absorb the whole power of 


VITESSE 


N. B. — Effort aux jantes = tractive force at wheel rim. — Vitesse = speed. 


2. A hyperbolic section where the power 
is reasonably constant (apart from the 
variations in the efficiency of the trans- 
mission), i.e. 

F x Vv 
(force) (speed) 


= constant. 


3. Sometimes, a third section consisting, 
near enough, of an inclined straight line 
detaching itself from the hyperbolic curve 


the Diesel engine and is said to « dis- 
charge ». In this case, the relation be- 
tween F (force) and V (speed) is of the 
form : 

Fs — Fe 


F — F, = (V 


Ve a Ne Va), 


where the indices B and C relate to the 
respective B and C points on the curve. 


The curve showing the tractive effort at 
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the wheel rim as a function of speed and, 
consequently, the different constants to be 
used in the formulas quoted above, vary 
with the type of locomotive concerned. 

The computer storage device contains, 
in fact, a whole collection of formulas for 
the tractive effort, and the computer 
selects automatically the formulas to be 
used for the type of locomotive concerned. 


Note : The computer programme does not 
concern itself with the effective current nor 
with the temperature rise in the drives, 
whether electric or hydraulic. 


VITESSE 


N. B. — Vitesse = speed. — Vitesse maximum 


The S.N.C.B. Diesel locomotives are 
designed for mixed service at a relatively 
low speed (20 to 25 km/h), while the rail- 
cars are designed to provide a stopping 
service on some of the most difficult lines 
in the country. 

As the question of overheating does not 
arise, it was unnecessary to complicate 
and overburden the programme with this 
problem. 


Vitesse maximum:VmM 


prs Male re kor 
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3) Calculation of the acceleration. 


The acceleration is determined from the 
formula : 
g F—R 
7000 k ( Q 
where : 
= the acceleration in m/sec?; 


k = the coefficient of inertia of the rotat- 
ing masses, assumed to be equal to 
173; 


g = the gravity acceleration, i.e. 9.81 m/ 
sec? ; 


OISTANCE 


maximum speed. — Pas d’intégration = integration step. 


F = the tractive effort at the wheel rim, 
in kilograms; 

R = the train resistance in kilograms; 

Q = the weight of the train in metric tons. 


This acceleration may be positive or 
negative. 


4) Calculation of the speed at the end of the 
integration step. 


V27 = V2 ++ 2 va 
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where : 


V; = the speed at the end of the « inte- 
gration step » (in m/sec); 


Vi; = the speed at the end of the preced- 
ing « integration step » (in m/sec); 

y = the acceleration in m/sec?; 

d = the length of the integration step 


(25 m or 50 m). 


5) Calculation of distance and time at the 
end of the integration step. 


The distance covered is totalized whilst 
the running time is determined from the 
formula : 


A= [220 
Vi Se Vi 
where : 
At = the time in seconds; 
d = thelength ofthe « integration step » 
(25 m or 50 m); 
V; = the speed in m/sec, at the end of the 
preceding « integration step »; 
Vy = the speed, in m/sec, at the end of the 


« integration step » considered. 


In fact, all these operations concerned 
with the analysis of an « integration step » 
do not present any special features and 
therefore represent a normal type of calcu- 
lation. 

But a practical test will rapidly show 
that conditions in practice are more varie- 
gated and that special features must be 
taken into account in the calculation. 
Experience has shown that various special 
contingencies must be provided for and 
that the computer must, during the logical 
process of computation, be able to reco- 
gnize these cases and to deal with them. 
As soon as a special feature is detected, the 
calculation is diverted to the appropriate 
channel where, in each case, the point of 
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return to the main channel of calculation 
is determined beforehand. 


As far as the special features are con- 
cerned, it is necessary, in particular, to 
take into account : 

a) the special case where, in an <« inte- 
gration step » the authorized maximum 
speed is reached : 

In this case, the computer works out the 
point at which the « acceleration curve » 
and the « maximum speed curve » inter- 
sect. 

The « acceleration curve » is given by 
the above-mentioned formula : 


V2, = V% + 2d 


where Vy now becomes Vy (maximum 
speed), whilst d becomes the unknown 
variable d’, smaller than the length of the 
integration step, so that : 


V2 = V4, + 2 va 
a ia ee 


The time ft’ required to cover this 
distance is 


or al 


a d' 
2 
-- 2d' 
~ Ve Wa 
where the units of measurement are, as 
usual, metres and seconds. 

Once this point is determined, the com- 
puter works out directly the time and 
distance for the remainder of the section 
concerned. 


ff 


or ii! 


b) the braking zones. 
The braking zones have already been 
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Vitesse speed. — Zone théorétique de freinage 


theoretical braking zone. — Zone réelle de freinage = actua] 
braking zone, - 


Pas d’intégration = integration step. 
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determined and located in the first sequence 
of computer operations. Their calculations 
are based on the authorized maximum 
speeds so that they represent theoretical 
values. 


Therefore, when a brake application 
point is approached, the computer pro- 
ceeds to analyze the following possibilities: 
— if the brake application point is ap- 

proached at the authorized maximum 
speed, the braking distance previously 
worked out is correct, and the calcul- 
ation proceeds as planned: 

— if the brake application point is ap- 
proached with a speed lower than the 
authorized maximum speed, the com- 
puter calculates the point at which the 
« acceleration » or «deceleration » 
curve and the « braking » curve inter- 
sect. 


In fact, at each «integration step » 
comprised in the theoretical braking zone, 
the computer probes whether the inter- 
section point is situated in the « integration 
step » concerned. It is only if the answer 
is in the affirmative that the necessary cor- 
rections are carried out as regards speed, 
time and distance. 


Finally, it may be of interest to note that, 
as the calculation progresses, the computer 
initiates simultaneously the recapitulation 
of the different units (passing time, arrival 
time, distances, speeds attained, etc.). 
These units, when totalized, synthesized 
and if necessary converted, yield the detail- 
ed results of the performance calculation. 


By way of example, this working process 
has been illustrated in Appendix V which 
shows, in a schematic form, the structure 
of the operations to be undertaken. 
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Third phase. — Compilation of standard 
timetables. 


In order to permit an analysis of 
standard timetables, the performance has 
been calculated at a sufficiently low level, 
viz. that of the actual section of line. In 
practice, however, this assembly of details 
is not often desired, and it is generally 
preferred to have a synopsis of the strictly 
necessary data, arranged so as merely 
to show the stopping and passing points 
required. 

For that reason, the computer is made 
to carry out yet another recapitulation 
which is, this time, confined to the level 
of the points referred to above (i.e. stepping 
and passing points). 

The running times thus calculated are 
theoretical but can often not be realized in 
practice, for a number of reasons. Two, of 
these reasons may be quoted here : 

— It is, generally not possible, even if this 
is assumed in the calculation, strictly 
to adhere to the maximum speed of the 
line. The run takes place between two 
speeds which are the more close to 
each other, the more perfect the loco- 
motive controls. A similar considera- 
tion applies to steep down-grade where 
braking is necessary. 

— The speed indicator is set for wheel 
tyres of mean thickness. If the tyres 
are new (and therefore thicker), the 
speed indicator will show too low a 
speed. But if the tyres are nearly worn 
out, the indicator will show the maxi- 
mum speed before it is, in fact, reached 
by the locomotive. 

In view of this fact, the computer pro- 
gramme makes provision for the possibility 
of increasing the running times by a certain 
percentage. 
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As a running time indication in minutes 
and seconds is not easy to use, the com- 
puter will show round minutes and half- 
minutes in accordance with a predetermin- 
ed rule. 

Finally, the results are shown as exem- 
plified in Appendix VI, viz. : 

a) the calculated performances, expressed 
in minutes and seconds; 

b) the same times, increased by a certain 
percentage and rounded to minutes 
and half-minutes. 


IV. — COMPUTER PERFORMANCE 
TIME 


The time required by the computer for 
the calculation of different specific time- 


Type of 
timetable 


Brussels to Ostend . through train 
Brussels to Ostend . through train 
Tournai to Brussels. through train 
Tournai to Brussels. through train 
Brussels to Ostend . semi-fast train 
semi-fast train 
semi-fast train 
semi-fast train 
Tournai to Brussels. 

semi-fast train 

semi-fast train 

semi-fast train 
Dendermonde to Brussels . stopping train 


Dendermonde to Brussels . 


stopping train 
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tables may vary greatly and is apt to 
show considerable differences. The time is 
in fact dependent on a whole array of 
variables which may vary a good deal; in 
particular : 


— the length of the line; 

— the profile of the line; 

— the type of locomotive; 

— the trailing load; 

— the type of timetable demanded, etc. 


The table below, which comprises some 
typical cases among those for which calcul- 
ations have been carried out so far, shows 
the mean time to vary between 2” and 18” 
per kilometre of line. 


Load Type 
hauled of 
in tons locomotive 


Calculation time 
per km 
of line 
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Explanation of French wording. 
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Explanation of French wording. 


Calcul des horaires = timetable calculation. 


- Demande de calcul = calculation instruction. — N° bordereau = list No. — Opération code = 

operation code. — Sens de parcours = direction of running. Ligne = line. — Numero = No. — Itinéraire = route. — Vitesse limite HL (km/h) 

locomotive maximum speed (km/h), — Coefficient a; coefficient a;. — Poids HL (T) = locomotive weight (T). — Poids rame (T) = train set 

weight (T). — Longueur corrigée du train = corrected train length. — Kilométrage du point de départ (m) = kilometrage from the departure 

point (m). — Code = code. — Traction = traction. — Rame train set. — Type d’HL = type of locomotive, — N° troncon = No. of section. — 
Temps d’attente = waiting time. — Temps de parcours = running time. - 


— Arrét = stopping time. — Inscriptions valables — valid inscriptions. 
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APPENDIX V. 


CALCULATION BY COMPUTER OF TIMETABLES FOR DIESEL TRACTION 


Flow Chart 


READING 


CONTROL OF SECTION 
NUMBER IDENTIFICATION 
AND CONTINUITY 


oie 


LEST 
COMPARISON OF 
THE MAXIMUM SPEED 
OF THE LOCOMOTIVE (T) AND 
THE MAXIMUM SPEED AUTHORIZEDON 
THE SECTION CONCERNED (L) 


SUBSTITUTION OF LOCOMOTIVE 
MAXIMUM SPEED FOR 
SECTIONAL MAXIMUM SPEED 


TIL 


STORAGE OF DATA CONTAINED 
IN THE’ SECTION” CARD 


IS THE CARD 
READ AND PROCESSED 
THAT OF THE LAST SECTION OF 
THE LINE ? 


YES 


| 
| 
| 
| 
| 
2 ga 


CALCULATION OF THE BRAKE APPLICATION POINTS, 
BEGINNING WITH THE TERMINAL SECTION OF THE LINE 


CALC ULATION OF THE DECELERATION 
AS A FUNCTION OF THE SECTION 
PROFILE 
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CALCULATION OF THE BRAKE 
APPLICATION POINT IN 

RELATION TO THE STOPPING 
STATION 
Y 


TEST 
DOES THE SEG- 
-TION END AT A 

"STOPPING STATION? 


ie 
2a 


d= 


1S THE AUTHORIZED 
MAXIMUM SPEED ON THIS 
SECTION HIGHER THAN THAT 
ON THE FOLLOWING 
SECTION ? 

_ vi2- vt2 


| 
| 
| 
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NO 


CALCULATION OF THE BRAKE 
APPLICATION POINT FOR A 
SPEED REDUCTION BETWEEN 
TWO CONSECUTIVE SECTIONS 


OTHER SECTIONS 


CALCULATION OF THE 
SPEED ATTAINED AT THE 
END OF THE PRECEDING 
SECTION 


v2 = Vy2 + 2aD 


CONSIDER 


DISTANCE 


UNPACKING OF THE TABLES 
AND CREATION OF INTERME - 
DIATE CARDS FOR BRAKE 
APPLICATION POINTS 


READING OF THE FOLLOWING 
“BRAKE APPLICATION POINT” 


1)THIS CALCULATED SPEED AS 
BEING THE MAXIMUM SPEED 
AUTHORIZED ON THIS SECTION 

2)THE SECTION LENGTH AS 
REPRESENTING THE BRAKING 


LOCOMOTIVE 


SECTIONS ENDING AT A 
STOPPING STATION 


CALCULATION OF THE 
SPEED ATTAINED AT 
THE END OF THE 
PRECEDING SECTION 


v2= 2aD 


HAS ONE ARRI- 
-VED ATTHE FIRST 
SECTION OF THE LINE ? 


READING OF THE FIRST" BRAKE 
APPLICATION POINT’ CARD 


CONTROL OF IDENTIFICATION 
(NUMBER OF LINE, NUMBER 
OF SECTION, AND DIRECTION 
OF RUNNING ) 


TEST 
DETERMINATION 


OF THE MODE OF TRACTION 


GATHERING OF DATA FOR 


THE 
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RESULTS STORED IN A 
TABLE RESERVED FOR BRAKE 
APPLICATION POINTS 


PRECEDING SECTION 


(THE LINE BEING DEALT 
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OPPOSITE TO THAT OF THE 


TR 


RAIL CAR 


Mee 


AIN) 


(APPENDIX V (continued). 


CALCULATION OF RUNNING CALCULATION OF RUNNING 
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RESISTANCE RESISTANCE 
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30 10 
Q = WEIGHT OF TRAIN 
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INTERNATIONAL RAILWAY CONGRESS ASSOCIATION 


18th SESSION (MUNICH, 1962). 


QUESTION 6. 


Co-ordination between main line railways and metropolitan or 
suburban railways (including elevated, underground and other 
specialized railways). Transfer points (distances, positions, 
arrangements) ; lay-out of the lines; town-planning and economic 
considerations. 


REPORT 


(Austria, Belgium, Bulgaria, Cambodia, Congo, Czechoslovakia, Denmark, Ethiopia, 

France and French Community, Greece, Guinea, Hungary, Italy, Lebanon, Luxemburg, 

Morocco, Netherlands, Poland, Portugal and _ overseas territories, Rumania, Spain, 
Switzerland, Syria, Tunisia, Turkey, Viet-Nam and Yugoslavia), 


by A. Froc, 


Ingénieur en Chef, Chef Adjoint des Etudes Générales a la Société Nationale des Chemins de fer Frangais. 
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1. FOREWORD. 


It appears from reading the Report 
— as is already clearly seen from the above 
summary — that the Reporter has extend- 
ed the field of his enquiry to cover the 
whole of the problems involved in operat- 
ing suburban railways and their connec- 
tions with the metropolitan systems on the 
one hand and main line services on the 
other. 

The serving of large cities raises in effect 
ever increasing and more pressing prob- 
lems for the railway Administrations res- 
ponsible for them. In full agreement with 
his colleague Dr.-Eng. Recker and_ the 
General Secretariat of the I.R.C.A., the 
Reporter felt that this question required 


to be studied as a whole in order to 
ascertain, if possible, certain points of 
doctrine. 


The resultant questionnaire was sent by 
the General Secretariat of the I.R.C.A. to 
83 Governments, Organisations or Admin- 
istrations in the countries covered by the 
author of this report. Of these, 16 Admin- 
istrations sent in replies to the Reporter, 
who also received acknowledgements regret- 
ting they could not help from 3 Govern- 
ments, 6 Organisations, and 32 Administra- 
tions who do not operate any suburban 
Services. 

The Reporter wishes to express his sincere 
thanks to the Administrations who replied 
to the questionnaire. He is particularly 
pleased to be able to stress the careful 
precision and exhaustive characteristics of 
most of these replies, which proves the 
interest aroused by the problems under 
discussion. 


The 16 Administrations who replied to 
the Reporter were the following (the let- 
ters in brackets refer to the abbreviations 
under which they are officially known 
For the sake of brevity, these will be used 
in the text of the report) : 

— Austrian Federal Railways (OBB); 

— Belgian National Railways Company 
(SNCB) ; 


BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 


NOVEMBER 1961 


— Belgian National Light Railways Com- 
pany (SNCV); 

— Danish State Railways (DSB); 

— Spanish National Railways (RENFE); 

— Paris Transport Board (RATP); 


— French National Railways Company 
(SNCF) ; 


— Hungarian State Railways (MAV); 
— Italian State Railways (FS); 

— Netherlands Railways (NS); 

— Polish State Railways (PKP); 

— Portuguese Railways Company (CP); 
— Swiss Federal Railways (CFF); 

— Tunisian Railways Company (SNCFT); 


— Turkish State Railways Company 
GUCDIOY: 

— Vietnam Railways. 

These 16 Administrations cover only 


14 countries, since 2 countries both sent 
in 2 replies: Belgium (SNCB and SNCV) 
and France (RATP and SNCF). 

The Reporter does not intend to present 
all the replies received synoptically, but 
rather to give all the facts and policies 
reported as synthetic a way as_ pos- 
sible. In the following report, he will, 
however, give many actual quotations from 
the replies received on many particularly 


interesting points : 
2. CHARACTERISTICS OF THE 
SUBURBAN SERVICES OPE- 


RATED BY THE RAILWAY 
ADMINISTRATIONS WHO RE- 
PLIED TO THE LR.C.A. EN- 
QUIRY. 


Structure and layout of the lines. 


Except for the Viet-Nam and NS rail- 
ways, all the Administrations who replied 
to the enquiry operate at least one sub- 
urban system in the meaning of the ques- 
tionnaire. 

The case of the NS is altogether special. 
The geographical and demographical char- 
acteristics of the western part of Holland 
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are such that the NS system in this region 
is the result of the juxtaposition of sub- 
urban services which interpenetrate very 
considerably (293 km) of closely linked 
lines connecting 10 important cities, 4 of 
them of great importance : AMSTER- 
DAM, ROTTERDAM, THE HAGUE and 
UTRECHT). But, owing to the absence 
of any predominating city, certain essen- 
tial aspects of suburban traffic, such as its 
disequilibrium at certain peak hours, are 
almost completely lacking. However, if the 
NS cannot isolate any classic suburban 
services, a great number of the problems 
covered by the enquiry also concern them 
and their reply has been an invaluable con- 
tribution to the study. 


It should be noted that certain Admin- 
istrations operate suburban services around 
several large cities, for example: 


Country 


| IZMIR 
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— RENFE (MADRID, BARCELONA, 
BILBAO, and to a lesser degree, SAN 
SEBASTIAN); 

— FS (ROME, MILAN, TURIN, NA- 
PLES) ; 

— PKP (WARSAW, GDANSK); 

— TCDD (ANKARA, ISTANBUL, IZ- 
MIR). 


However, certain Administrations (SNCB, 
CFF, SNCF) report that from certain 
aspects the services which they operate 
around some large cities not included in 
this list, such as ANTWERP, BASLE, 
LYONS, meet most of the criteria for sub- 
urban services, but are not considered as 
completely significant as those organised 
respectively around BRUSSELS, ZURICH 
and PARIS. 

The enquiry therefore deals mainly with 
the following suburban services : 


Administrations 


AUSTRIA VIENNA. . OBB 
BELGIUM . BRUSSELS. . SNCB + SNCV 
DENMARK COPENHAGEN DSB 
| MADRID | 
BARCELONA | ee 
SPAIN . (| | BILBAO. | 
SAN SEBASTIAN .... 
FRANCE PARIS... SNCF + RATP 
HUNGARY BUDAPEST MAV 
ROME 
MILAN = 
ITALY . ae 
| | NAPLES | 
WARSAW . | = 
PORTUGAL ... LISBON . cP 
SWITZERLAND . ZURICH (CFF 
TUNISIA TUNIS . SNCFT 
(| ANKARA. 
TURKEY ISTANBUL . TCDD 
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An examination of the diagrams of the 
suburban lines corresponding to these dif- 
ferent cases does not reveal any significant 
particularities as regards their layout : the 
lines radiate around the cities served, vary- 
ing in number according the local geogra- 
phical conditions (coastal or inland, for 
example), and more especially according to 


DOMODOSSOLA 


LUINO 


VOGHERA 
°ALESSANDRIA 


Fisy 


the density of population and importance 
of the currents of traffic. It can be noted 
that as a _ general rule parallel lines 
(« en rocade ») used for passenger trans- 
port only appear in the complicated rail- 
way networks around the largest cities. 
Greater differences will be noted in the 
connections between large urban stations : 
3 diagrams (fig. 1, 2 and 3) illustrate the 
classification which the Reporter has decid- 
ed to use. Layouts of the type shown in 
figure 1, are those of terminus stations 
which are not connected to each other, at 
least by lines used for suburban traffic 
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(MILAN, PARIS, LISBON, for example). 
Figure 2 (BRUSSELS) is an example of 
the opposite case in which all the stations 
of the urban zone have good connections 
with each other by the actual lines carry- 
ing the suburban traffic. This case 1s 
exceptional. However, ZURICH and ROME 


are about of the same type. Finally 
PSONDRIO 
BERGAMO 
BRESCIA 
TREVIGLIO 
coDOGNOY . 
O CREMONA 
STRADELLA 6 
PIACENZA 
Milan. 


figure 3 (IWARSAJW) shows a fairly com- 
mon intermediate case: certain lines are 
isolated with a single urban terminus sta- 
tion; other lines link up several urban 
stations. 

Such situations are obviously an inherit- 
ance of the past on the one hand, and on 
the other, due to the remodelling which 
has taken place as imperious needs called 
for modifications to be made. The absence 
of a general plan at the beginning has led, 
especially in the large cities, to situations 
of the type shown in figure 1. Such situa- 
tions are put up when natural conditions 
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or the high degree of urbanisation makes 
it very difficult and above all very costly 
to make any changes. Partial replanning 
has, however, in certain cases, led to the 
realisation of situations of the type shown 
in figure 3, whilst those of figure 2 are 
only possible in modern times at the cost 
of very expensive works, and so far, only 
in cities which whilst very important, have 
not the high level of population of the 
biggest capital cities. 


Length of the lines. 


The extent of suburban railway system 
is connected not only with the numbers 
of the populations to be served, but also, 
it appears, with the character of the cen- 
tral city: an industrial and commercial 
city, with the same population, will have 


Cities 


BRUSSELS 


COPENHAGEN 
LISBON . 


PARIS . 


TUNIS . 


Method of traction. 


Apart from the SNCFT, all the Admin- 
istrations have already electrified a large 
proportion of their suburban lines (at 
least 30 °% except the TCDD and in fact 


the MAV, which are still below this 
figure). Certain Administrations have 
already completed the electrification of 
their suburban lines (RENFE, SNCV, 


RATP, NS), whilst many have already 
electrified more than 50 °% or soon will 
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a greater extent of suburban lines than a 
capital of a dominatingly political, admin- 
istrative or cultural character. This seems 
to be so if we compare the lengths of 
the suburban systems of BARCELONA 
(430 km) and MADRID (184 km) on the 
one hand, and, perhaps less definitely so, 
MILAN (1204 km ) and ROME (811 km). 


The rules governing the calculation of 
the length of the system would appear not 
always identical from one Administration 
to another, especially as regards taking 
into account common sections, and also the 
actual idea of the suburban zone which 
at times appears to have been interpreted 
very widely, so that it is not possible to 
be more precise in such comparisons. 


However, the following table gives the 
length of the suburban lines of 5 cities, 
calculated on identical bases : 


Mileage 


have done so thanks to the work now in 
hand (SNCB, SNCF, FS, PKP, CP). 

It should be made quite clear here that 
all the Administrations for whom this 
problem still arises, propose to extend the 
electrification of their suburban lines. 
Many of them have work in hand or defi- 
nite programmes. 

The historical and geographical disper- 
sion of the systems used, which is well 
known in the case of the main lines, also 
occurs in the case of the suburban lines, 
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° No. ‘of inhabitants (in thousands). 


with in addition the special voltages some- 
times used with D.C. for such services 
(750 V on the SNCF, 600 and 800 V on 
the PKP, 600 V on the SNCV). 

Diesel traction at first occurs in the case 


of suburban services in the form of rail- 
cars, which are used either at slack periods 
on the important lines, or for all the 
services on feeder lines. The Reporter was 
also surprised to find that Diesel locomo- 
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tives are normally used for suburban 
services by several Administrations (SNCB, 
OBB, DSB, FS, SNCFT). The Diesel loco- 
motive is in effect generally considered to 
have characteristics — of acceleration in 
particular — hardly suitable for the special 
requirements of suburban services. 
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heavy traffic is carried, the luminous 
automatic block (BAL) still is not the 
system most used in most cases. However, 
the SNCB, SNCFT, RENFE, and CP have 
equipped all or nearly all their suburban 
lines with this. On the SNCF, suburban 
lines equipped with BAL represent 60 %, 


Legionowo 
Cment.Polegt 


Michalczew 


Fig. 3. — Diagrammatic map of Warsaw suburban lines. 


Echelle 


The replies of the Administrations on 
this point did not make it clear whether 
they considered this to be a final solution 
or merely the first stage in modernisation 
before electrification. 

As for steam traction, although appre- 
ciably on the decline, this still represents 
a proportion of the mileage varying 
approximately from 20 to 50 % (OBB, 
SNCB, SNCF, FS, DSB, PKP). 


Signalling. 


In the field of signalling, although it is 
a question in principle of lines on which 


4 


= Scale, 


of the total, as is shown in figure 4 which 
gives the diagram of the signalling equip- 
ment of the suburban lines of the Paris 
region. 

In general, the high cost of modern 
signalling installations such as BAL has 
obviously led the Administrations strictly 
to limit the equipment of the lines to 
traffic requirements. ‘Thus figure 4 shows 
quite clearly that certain lines of the Paris 
region are modestly equipped, either with 
the manual mechanical block, or even with 
simple telephone sections. ‘The same scale 
of the equipments can be seen on nearly all 
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the Administrations, according to the 
amount of traffic on their suburban lines. 

The lengths of the sections vary from a 
few hundred metres to 1500 m in the case 
of BAL, and from 2000 to 3000 m in the 
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Platforms. 


Like the signalling, the height of the 
platforms is an important factor in the 
capacity of suburban lines. It is in fact 
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Fig. 4. — Diagram of the signalling installations on the suburban lines of the Paris Region. 
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there are merely telephone sections, the 
spacing of the stations which will be men- 
tioned later decides the length of the sec- 
tions. 


equal, high platforms favour rapid pas- 
senger flow. However, it would appear 
that except on the DSB and to a lesser 
degree on the SNCF, the volume of traffic 
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is not the determining factor which has 
led the Administrations to choose between 
high and low platforms. In general, each 
Administration has a single type of plat- 
form, or a predominating type. It must 
however be noted that certain Administra- 
tions report the generalised use (SNCFT) or 
occasional use (SNCB, DSB) of interme- 
diate platforms, 70 to 75 cm above rail 


level. The use of high platforms does in 
fact mean a certain risk of accidents at 


stations on a curve, as there is a dange- 
rous gap between the platform and _ the 
floor of the coach. Intermediate _ plat- 
forms reduce such risks whilst considerably 
improving the output compared with low 
platforms. 


No Administration has solved the difficult. 
problem of a design of carriage steps suit- 
able for various types of platforms. How- 
ever, mention must be made of the new 
suburban stock of the SNCF with lowered 
floors, the steps of which are suitable both 
for intermediate and low platforms. 


Type of rolling stock used. 


The stock used for suburban services 
obyiously depends very closely upon the 
type of traction used. 

On electrified lines, reversible rail motor 
coach sets are more or less in general use, 
consisting of one or several smaller sets (or 
elements), practically never separated, 
consisting of two to four bodies with motor 
units and trailers. The smaller sets nearly 
all have automatic couplings at each end, 
which makes it easy to adapt the number 
of sets making up the train to the expected 
traffic at different hours of the day. The 
number of passengers carried is 80 to 150 
per coach, the higher number involving 
some 40 to 50 % standing places. Fig. 5 
is a diagram showing one of these basic 
sets (Portuguese Railways Co.). It can be 
seen from this diagram that there are two 
entrance doors per coach. ‘This is also the 
case of the SNCB sets. The SNCF sets 
have a greater number of doors: 4 on the 
D.C. stock delivered since 1954, 3 on the 
single phase stock delivered since 1960. 
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Such arrangements shorten the time re- 


quired at the stations. 

The use of such sets on the electrified 
sections is not however systematic; a cer- 
tain number of Administrations, even with 
total electrification (CFF) have only a small 
number of reversible rail motor coach sets; 
they run their electrified suburban lines 
mainly with coaches of the classic type 
hauled by ordinary locomotives (FS, CFF, 
MAV). Although these Administrations give 
no justification for such a policy in the 
replies they sent to the Reporter, it is 
likely that they have made such a choice 
for the same reasons as.the: SNCF which 
also makes use simultaneously of both solu- 
tions on certain electrified suburban lines. 
A service by rail motor coach sets, well 
adapted from the technical point of view 
to the special problems of suburban traffic, 
thanks to its flexibility and high accelera- 
tion capacity, is in effect a costly solution. 
Such stock, strictly specialised, owing to 
the great variations in the traffic at diffe- 
rent hours of the day and the complete 
closing down for several hours at night, can 
never be fully utilised. On the contrary, 
it is usually easy to get complete user, if 
not of the coaches at any rate of the elec- 
tric locomotives, which can be used for 
other services than suburban services when 
these are reduced or suspended. With 
such solutions, the coaches are either ordi- 
nary bogie or axle coaches, or, more rarely 
on the lines of large cities, specially desi- 
ened coaches for suburban traffic, in parti- 
cular from the point of view of entering 
and leaving them (SNCB, SNCF). ‘The 
number of places per coach is of the order 
of 80 to 150, 30 to 50 % being standing 
room. 

The use of Diesel railcars, with or with- 
out trailers, for the services at slack hours 
or on branch lines, does not call for any 
special comment. This practice is reported 
by nearly all the Administrations, but 1s 
only used for a very small proportion of 
the traffic. It does not appear that this 
type of rolling stock has been specially 
designed for suburban services, nor have 
the Diesel locomotives which work the sub- 
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urban services with rakes of ordinary 
coaches. 

In the case of steam traction, the Admi- 
nistrations use coaches that differ little from 
those used with electric traction. As a 
matter of interest, it may be mentioned 
that the OBB still run a few steam railcars 


hauling ordinary coaches. 
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thereto. In this connection, it would 
appear that operators will have to modify 
their ideas. It appears likely that in the 
future daily modifications in the capacity 
of trains made up of ordinary coaches will 
have to be given up. On the other hand, 
the example of the FS must be quoted, who 
record each day the user of all their sub- 


(a 
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IMU ae Oh Gg ea aan oes type of electrification MOTORCOACH SERIE Myfe 2001 to 2025. Motors 
50 cycles Tare: 5c) ae eee 4.4) 57 500 kg A.C. com 
Year of construction 1954/57 Sac ee ay, Obes Ne oe 14 000 kg Raxisnus 
Number of rail motor Wheel arrangement .... two 2-axled go- aha 
GOaches flee) ik 25 gies Makers 
Brake eehig, (turd Aad compressed air Number of motors..... 4 
Teles BOX ke roller bearings W heel Giame@icr. . . 4... « « 1 000 mm R.p.m. 
HHeatine eee bees Maximum speed ...... 90 km/h 
CALL Ei Sve cai © ees - resistance Nominal continuous power —— 
—- BUS of the 4 motors 1000 kW noes x 
yomkonee Piece) uti Ones acs electric Power at the hourly rating seated 
Alarm: signals. s06) 2.0 provided (U.1.C.-610) 1100 kW standing 
Reference power (U.1.C.-614) 1400 HP. total 
Fig. 5. — Diagram of the electric rail motor coach se 


Composition and capacity of the trains. urban trains in order to adapt them to 
actual requirements. 

On the whole, contrarily to what might 
be thought a priori, suburban trains have 
not very high individual capacities, even 
in the case of the most important metro- 
politan — traffic. The capacity is nearly 
always well below that of the long main 
line trains. It is rare in fact for rail motor 
coach sets to consist of even 6 coaches, i.e. 
800 to 900 passengers at the most; in the 
case of trains made up of ordinary coaches, 
these are never more than 8 coaches long, 


It was reported above that the compo- 
sition of the electric rail motor coach sets 
was regularly adapted to fluctuations in the 
traffic according to the hour of the day. 
Although this operation is carried out less 
flexibly in the case of rakes of ordinary 
coaches, the Administrations usually follow 
the same rules in this case. 
of them 


However, most 
difficulties 
drawn 


and 
attention 


appreciate the 


resultant cost, and have 
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or the equivalent, i.e. rather less than 
1 000 passengers (seated -+- standing) (’). It 
is remarkable in addition that the heaviest 
concentrations of traffic are not alwavs 
worked by the longest trains in existence. 
Such an apparent contradiction is in rea- 
lity easy to explain: on the lines with 
the heaviest traffic, frequent services are 
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long trains; on the other hand, it makes 
it essential to have a very short standing 
time in the terminal stations, which is 
incompatible in any case with the possibi- 
lity of having the correct number of pas: 
sengers on the long trains. 


* * * 
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puese Railways for the suburban services around Lisbon. 


essential in any case as the public expects 
to be carried without having to wait. ‘The 
very short intervals between trains on such 
services does not justify the use of very 


() This refers to the composition at the 
present time, but, for example, the SNCF is 
considering increasing the capacity of the 
electric trains from the Gare St-Lazare_ to 
4 twin bodied units, i.e. 1 200 places, and that 
of the trains of ordinary coaches from the Gare 
du Nord to 1500 places (electric locomotive 
hauling the train). 


Only the SNCF and the RATP explained 
the rules according to which the number 
of standing places are calculated. ‘These 
rules are laid down in both cases by 
orders from the public authorities; these 
allow for each square metre of space 
available (platforms and corridors) : 

— 6 standing passengers on the RATP; 

— 5 second class and 4 first class passen- 
gers on the SNCF, the number of passengers 
standing being Jess than or equal to 40% 


at most of the number of seats available. 
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The user is greater on the short runs 
and still more so on the urban services. 
This applies to the RENFE, TCDD, RATP 
and SNGCV where on all or some of the 
trains there are more standing places than 
seats, but only on fairly short runs in 
principle. 

Certain Administrations (CFF, DSB) state 


PARIS S’ LAZARE 


PONT-~CARDINE T 
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frequency depends directly or indirectly on 
a considerable number of factors. One of 
these is the flexibility with which the sets 
can be reused at the stations at the end of 
the run: from this point of view, reversi- 
bility of the rakes, i.e. the provision (oye. 
driving compartment at the other end of 
the set is certainly the decisive factor. 


CLICHY-LEVALLOIS 


WRK TARY 
AY MAX 


ASNIERES 


BECON-LESBRUYERES 


LES VALLEES 


WA 


LA GARENNE-BEZONS 
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RUEIL-HALMAISON 
CHATOU-CROISSY 


LE VESINET 


LE PECQ-LE VESINET 


S'GERMAIN-EN-LAY E 


(W=Rames de matériel vide) 


18 


Fig. 6. — Extract 


from the train working diagram of the suburban 


trains between 


Paris - Saint-Lazare and Saint-Germain-en-Lave. 


W = trains of empty coaches 


that they do not have any standing room. 
The trains are made up in such a way that 
all passengers travel seated, except at the 
rush hours in the case of short runs to the 
terminal stations. 


Hourly capacity. 


The hourly capacity is in addition closely 
linked up with the maximum possible fre- 
quency of train departures. ‘This maximum 


Reversibility is the rule in the case of all 
the electric rail motor coach sets; it would 
appear to be the exception in the case of 
trains made up of ordinary passenger coa- 
ches, no matter what method of traction 
is used. Only the SNCF has completely 
generalised reversibility, even in the case 
of steam traction. It has found this of the 
greatest benefit in carrying out the service 
and considers that the small amount of 
capital involved was very well spent. 


* * & 
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The operating method which allows of 
the greatest number of passengers being 
carried from the terminal stations is with- 
out doubt, all other things being equal, 
that of the parallel spaced services. This 
system is effectively used by some admi- 
nistrations, either permanently on part or on 
all their lines, or at certain hours of the 
day, especially at the slack hours (TCDD, 
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around the large cities. On the other hand, 
the same lines nearly always have to carry 
the suburban, main line and goods traffic. 
The Administrations have to fit this mul- 
tiple use in with the necessary differentia- 
tion in the speeds of the suburban trains. 
It is up to the timetable experts to make 
the best of all these requirements, taking 
into account in addition the particular 
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— Extract from the train working diagram of suburban trains 


between Ziirich HB and Rapperswil. 


passenger trains. 
—.—.—. goods trains. 


CP, OBB, SNCF, etc.). In fact the maxi- 
mum traffic that can be worked in this 
way would appear to be of the order of 6 
to 12 trains an hour, i.e. about 5000 to 
10000 passengers per hour per line. 
Parallel services imply, moreover, special 
lines and exclusively stopping services, 
which is only admissible over short distan- 
ces, otherwise the journey time becomes 
prohibitive. Suburban lines of 30 to 40 km 
length are commonly found in nearly every 
country; longer lines have been reported 


physionomy of the suburban _ traffic. 
Figure 7 is an extract from the train 
running graphs for the suburban trains 
between ZURICH HB and RAPPERSWIL, 
drawn up under such conditions. In the 
concrete examples given by the Admi- 
nistrations, there are peaks of 4 to 10 sub- 
urban trains per hour per line with this 


method of working, i.e. about 4000 to 
10 000 passengers. 
When the amount of traffic makes it 


necessary to set aside one or more groups 
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of lines for the suburban services and it 
is also necessary to differentiate the speeds, 
the classic solution is that of working « by 
zones ». The line is divided up into zones 
(usually 3 or 4); each rake is allocated to 
a zone, i.e. it runs as a through train from 
the terminus station to the station at which 
its zone begins and then as a stopping 
train serving all the stations in its zone 
(or vice versa in the case of traffic to the 
centre). Departures from the terminal sta- 
tion (or return runs to the latter) take 
place obviously in such an order that the 
more direct trains are not held up by the 
slower ones. This operating technique can 
only be applied in a limited number of 
cases: the SNCF uses it on its lines from 
Saint-Lazare and Montparnasse, the RATP 
on the Sceaux line; RENFE is considering 
using it for some of its most important 
services. Figure 6 shows an extract from 
the traffic diagram for suburban trains on 
the Saint-Germain-en-Laye line, which is 
run on this principle. At the present time, 
the following performances can be obtained 
with this type of operating: on the RATP 
18 000 passengers at peak hours are carried 
by 18 trains on the Sceaux line, and as 
from the Ist October 1961 it will be pos- 
sible to carry 50% more owing to a cor- 
responding increase in the composition of 
the trains; on the SNCF, 20000 passengers 
at peak hours by 20 trains on a single line 
leaving Saint-Lazare (’). 

In order to generalise such results, which 
appeared deserving of attention, the SNCF 
drew up in 1960, according to the time- 
tables and train composition at that time, 
the hourly transport capacity at peak hours 
on its lines in the Paris region. The dia- 
gram summing up this investigation is 
appended (fig. 8). It shows the number of 
places per route during a peak hour in 
the most heavily loaded direction (from 

: 


(‘) This number of trains is considered the 
maximum possible with the present instal- 
lations. However, the SNCF considers that it 
could be increased to 22 if certain unimportant 
modifications were made, which will be put in 
hand as soon as this is felt to be necessary. 
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Paris). Actual capacity is slightly lower 
than the figures indicated in this diagram, 
as for many reasons, it is not possible to 
get 100% user of the trains even at rush 
hours. 


Speed of suburban services. 
Periods during which the trains run. 


The average speed depends amongst other 
things on the distances between stations or 
stopping points. These are remarkably 
constant from one railway to another. ‘The 
following significant figures may be quoted : 
maximum distance: from 6 to 8 km; mini- 


mum distance from 0.6 to 1 km; average 
distance from 2.5 to 3.5 km. The two 
latter figures confirm the need to run 


through or semi-through trains as soon as 
the lines are more than 12 to 15 km long 
and the value of motor units with great 
acceleration and deceleration capacity. 


In view of the wide range of maximum 
speeds, though mainly lying between 80 
and 100 km/h, the average speeds differ 
quite a lot according to the way the run 
is divided up. On short runs from the 
terminal station, they are low (of the order 
of 30 km/h), even with modern methods of 
traction. For longer runs, the average 
speeds improve considerably and __ fairly 
regularly, up to 45 to 60 km/h in the case 
of runs of 30 km and over, according to 
the method of traction used. 


It has already been reported that the sub- 
urban services are systematically closed 
down during the night. The replies 
received from the Administrations allow of 
a certain precision on this point: they close 
down for 4 or 5 hours, either from midnight 
tO 4. aa (or 5 oa.m.) or irom, iia .ito 
5 am. (or 6 am.). The traditional way 
of living explains some still later times of 
closing down and restarting (Lisbon, after 
2 am.; Madrid, starting again about 
6.30 a.m.). 

This closing down time can be fully 
made use of for running goods trains which 
often run on the same lines as the sub- 
urban traffic — except in particular cases 
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such as the SNCV. The NS report that be admitted in their case means practically 
the greater part of their goods traffic is all their passenger traffic. As the distances 
carried during this period when the sub- are short, it seems a very judicious solu- 
urban service is closed down, which it must tion. In any case, it makes it possible for 
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the NS to offer their passengers their well 
known and much appreciated spaced time- 
tables on all their lines. But this solution 
remains the only one of its kind within 
the framework of this enquiry: all the 
other Administrations also make use of 
suitable periods during the day for running 
the goods traffic and main line traffic 
using the same lines as their suburban 
traffic. 


Commercial organisation. 


It appeared advisable to deal here with 
certain questions of a commercial order, 
though tariff problems will be dealt with 
in a special chapter later on. 


Ticket collection. 


The Administrations who have done away 
with platform barriers have not taken any 
special steps in connection with the sub- 
urban traffic, so that this category of pas- 
sengers also have to have their tickets col- 
lected on the trains (CFF, FS, OBB, MAV). 
This control is unavoidably incomplete in 
the case of passengers travelling only a 
short distance near the head of the line. 
The Administrations concerned admit that 
this is so, but do not propose to modify 
their methods, except for reducing still 
further the regular checks en route by 
single inspectors in order to form large 
gangs making surprise checks (CFF). 

The other administrations are able to 
check the tickets systematically on entering 
or leaving the platforms, with checks at 
times on the trains. In certain cases, to 
make the movement of passengers more 
fluid, there is only one platform check, 
usually on leaving (SNCF, TCDD). But 
whether there is complete control or the 
reduced control of the latter kind, the 
Administrations consider that there is “a 
certain inevitable proportion of fraud, due 
to crashing the gates, lack of discipline on 
the part of passengers, etc. 

In conclusion, every system allows of a 
certain margin of fraud. The reporter 
considers that the cost of control could 
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undoubtedly be reduced without a cor- 
responding increase in fraud if the fines 
on such cases were made considerably 
higher. A tendency to increase such fines 
has been recorded recently in France. 


Parking near the stations. 


Generally, there is no parking place 
reserved for passengers near suburban sta- 
tions. 


However, certain Administrations have 
made arrangements for parking and allow 
passengers to park their cars on payment 
of a parking fee at certain suburban sta- 
tions (SNCB, SNGF, CFF). The charges 
are usually about 1 gold franc per 24 hours, 
with no limits on the period. ‘There are 
also monthly parking rates, with a saving 
of about 50%. But although the Admi- 
nistrations are doing all they can to develop 
this service, not much has been done to 
date, and future prospects are limited, as 
sites which can be used for this purpose 
are rare and costly. 


In another order of ideas, certain rail- 
ways have agreements of various kinds with 
the towns for the latter to make parking 
places near the stations on town property, 
part of the cost being borne by the rail- 
way (DSB, NS). In this case, there is no 
charge for parking, and vehicles can remain 
indefinitely, but railway passengers have no 
priority over other motorists. All the 
same, this is indubitably a facility for rail- 
way clients. 


It is an indisputable fact that the deve- 
lopment of residential areas at ever increas- 
ing distances from the railway implies a 
need for parking space at stations. But 
the railways cannot afford to provide such 
facilities at their own expense, and the 
towns are often unco-operative, as they 
point out with reason that the people 
using such car parks are usually those 
living in other districts. Only some solu- 
tion to which all the communities con- 
cerned contribute through some regional 
organisation — such as the district of Paris 
appears likely to be able to solve this 
important problem. 
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3. AMOUNT AND DISTRIBUTION 
OF SUBURBAN TRAFFIC. 


Overall amount of traffic. 


The statistics relating to the volume of 
suburban traffic which the Reporter 
received from the Administrations are 
summed up in the following table: 

In making out this table, the cities were 
classified by decreasing number of sub- 
urban passengers for the last known year; 
it is moreover incomplete, quite apart from 
the blank spaces left, as the Administrations 
were not able to supply any statistics for 
certain cities, some of them very important 
ones (BRUSSELS [SNCB], ISTANBUL, 
WARSAW, BUDAPEST). 


PARIS stands out clearly from the other 
cities which could be classified. It will 


be noted, moreover, that the average pas- 
senger journey on the suburban lines is 
about the same (12 to 18 km) around the 


Cities 
1930 


(P 356 
PARIS (SNCF) 
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different cities, except in the case of the 
Italian cities for which the replies received 
cover a more extensive suburban zone than 
those in other countries. 

The detailed analysis of the statistical 
data supplied by the Administrations brings 
out, on the one hand, the following general 
evolution (in the number of passengers) : 
the suburban traffic was very high in the 
years 1928/1930: there was great economic 
activity at that time, the railway was prac- 
tically the only collective means of transport 
and private transport was still undeveloped. 
All these factors changed in the ten years 
before the second world war, and just 
before it the traffic had fallen off very 
appreciably. The general shortage of means 
of transport during and after the war 
restored considerable masses of suburban 
passengers to the railway (maximum 
recorded about 1946-1947), which have 
fallen off again, at least to some extent, 
as other public or private transport faci- 


Most recent 
year for which 
figures were 
given (usually 
1959 or 1960) 


1938 1950 


250 


COPENHAGEN . 


GDANSK . 


line only) 


BRUSSELS (SNCV) . l 
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Passengers and Passengers-km in million 


Most recent 
year for which 
figures were 
given (usually 
1959 or 1960) 


43 
1 530 


Ud 
A 


32.8 (1) 


GO RAG TH 


rg 
A 


554 (1) 


VIENNA 


Aa 


LISBON (Sintra line 
only) ; 


“a 


BARCELONA . 


——— 


“a 


NAPLES 


a 


BILBAO, . 


$a 


A 


= 


A 


nw 


MADRID . 


P 
P 
P 
P 
P 
P 
P 
PK 
P 
P 
P 
P 
P 
P 
P 
P 


———_ | —_-~— 


Ww 


(1) Figures refer to 1955, . 


Nota : This table does not include all the figures given by the Administrations, owing to the number 
of different years for which statistics were available. especially as regards some few years ago 


lities have become available. A new traffic wards tendency since this date, owing to 
eons therefore appeared about 1953- the strone tendency to expansion of ‘the 
1954, followed in general by a slight up- large cities. . 
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Fluctuations in traffic. 


Apart from these long term fluctuations, 


suburban traffic is subject to seasonal, 
weekly and daily fluctuations. 
Most of the Administrations were able 


to give a table of indices for a recent vear 


characterising the average daily traffic for 


each of the 12 months compared with the 
average daily traffic over the year. An 
examination of these tables shows that they 
can be divided into two distinct categories : 

— the first, and most numerous, of which 
that of the FS (MILAN) and SNCF are 
typical, for example : 


Month 


January 


February. 
March 
April 

May. 

June. 

July 

August 
September . 
October 
November . 


December 


These show a marked falling off in the 
summer and a high level of traffic in the 
winter; they reflect very clearly the way 
of life of the population of these countries : 
summer holidays, giving up using indivi- 
dual transport during the bad weather. 


Another category, represented only 
by TCDD, PKP (GDANSK) and RENFE, 
surprisingly show the peak and decline in 
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the opposite months to the previous type. 
Here for example are the indices noted 
by the TCDD and PKP (GDANSK): 


Month 


January 
February. 


March 


April 


May. 

June. 

July 
August 
September . 
October . 
November . 


December 


As the Administrations in question made 
no comments upon these results, the Repor- 
ter is not able to give any certain explana- 
tion for this type of seasonal fluctuation. 

Weekly fluctuations were not investt- 
gated. It appears of interest, however, to 
report the results obtained by the SNCF 
during traffic counts carried out in 
May 1960 (see ‘Table on the following page). 

Though referring to the traffic in the 
Paris region, no doubt these indices are 
more or less valid for most of the large 
cities; they show the need for rearranging 
the services on Sundays and to a lesser 
degree on Saturdays (’). 


rp 


(1) However, the 5 day working week is the 
general rule in a certain number of cities 
covered by the enquiry (whereas in Paris it 
still seems to be 5 1/2 days). It is true that 
in such cities, the Saturday traffic is not much 
greater than that of Sunday. 
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Daily traffic index 


Compared 
with «normal» 
days, 
Tuesday, 
Wednesday, 
Friday 


Compared 
with the 
average for 
the week 


Monday . 
Tuesday . 
Wednesday 
Thursday 
Friday 
Saturday 


Sunday 


Nombre de voyageurs 
(en milliers) 
Ne ee 


35 


sl : 


DEPARTS 


heures'5 6 7 8 9 40 1142 43 14 4S 16 17 18 19 20 24 22 23 24 


5 
to 

tl 

Al ies 
A ARRIVEES 

sallk oS af eh so 

“i ete ot 
40 . 
Fig. 9. — Graph showing the hourly distri- 
bution of the suburban traffic of Milan. 


(Traffic of November 1960.) 


Nombre de voyageurs... = No. of 


thousands). — Départs = leaving. 
arriving. 


passengers (in 
Arrivées = 
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The daily fluctuations in the. traffic are 
much more marked. ‘These are the ones 
which most closely characterise suburban 
traffic, since, as has already been said, this 
is due fundamentally to the alternating 
massive movement of the population due 
essentially to their hours of work. 


Numerous graphs showing these fluctua- 
tions were sent in by the Administrations; 
it appeared of interest to retain three of 
these to illustrate this Report. 


These are those for MILAN, BARCE- 
LONA and PARIS-SAINT-LAZARE (fig. 9, 
10 and 11): 


MILAN shows the relatively greatest 
peak of all the examples received: 70% 
of the traffic is worked in 3 hours (the 
peak departure hours obviously varying 
from the peak arrival hours). 

BARCELONA, on the other hand, shows 
the most regular traffic of those investi- 


gated; all the same 30% of the traffic 
leaving or arriving is carried in 3 hours. 
PARIS-SAINT-LAZARE, finally, repre- 


sents an average case as far as peak traffic 
is concerned; about 56 % in 3 hours, which 
is the usual amount. But this is far from 
the absolute maximum hourly rate with 
50 800 passengers travelling in a_ single 
direction (’). 

An examination of these graphs throws 
light without further commentary on the 
need for and extent of the technical mea- 
sures studied in chapter 2, such as_ the 
adaptation of the number and eventually 
the composition of the trains to require- 
ments, a particularly careful study of the 
timetables, ete. 

In the terminal stations, suburban traffic 
is usually worked from platforms which 
without being exclusively set aside for this 
purpose, nevertheless take such traffic by 
priority. “Cwo characteristic diagrams are 
given here to illustrate this point, that for 


(‘) New counts, made in November and 
December 1960, showed that this number had 
increased to 57900 passengers leaving at the 
peak of the rush hour. 
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PARIS-SAINT-LAZARE (fig. 12) and that 
for ZURICH HB (fig. 13). 


At PARIS-SAINT-LAZARE | the special 
platforms and lines grouped at one end 
of the station are used to a relatively large 
extent for the suburban traffic. A very 
large end platform, doubled again by a 
huge circulating area, with many access 
points, ensures that the circulation of pas- 
sengers is a fluid as possible. 


Nombre de voyageurs 


f —-—. = 


DEPARTS 


—t ARRIVEES 

16900 <9 

1800 

2000 

Fig. 10. — Graph showing the hourly distri- 


bution of the suburban traffic of Barcelona- 


Termino. (Traffic as in March 1960.) 
Nombre de voyageurs... — No. of passengers (in 

thousands). — Départs = leaving. — Arrivées = 

arriving. — Moyenne horaire = hourly average. 


At ZURICH HB, 3 lines and an ordinary 
platform, plus a secondary platform are 
allocated by priority to the suburban traffic 
and make it possible to deal with most of 
this. 

The length of the platforms specially 
allocated to suburban traffic is 180 to 300 m, 
the usual figure being 200 m. (It can 
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be seen from this that the composition of 
the suburban trains is not too generous.) 
As for the width, this varies from 5 to 10 m 
and exceptionnally 12 m. 

Finally there is another characteristic of 
the suburban traffic and this is the pro- 
Nombre de voyageurs 


Cen milliers ) 
so 


45 


40 —— 


35 
| ge 


heures:5S 6 7 8 


Fig. 11. — Graph showing hourly distribu- 
tion of the suburban traffic from Paris - 
St-Lazare. (Traffic as in May 1960 on the 
busiest day of the week.) 


gressive reduction, as the distance from 
the centre is the greater, in the number of 
passengers carried on the different sections 
of the lines in question. To bring out 
clearly the general character of this pheno- 
menon, four different diagrams showing 
the distribution of the traffic along the 
suburban lines of BRUSSELS, BARCE- 
LONA, COPENHAGEN and PARIS are 
given (fig. 14, 15, 16 and 17). ‘The pro- 
gression of these diagrams is identical, 
whether they represent the traffic in both 
directions (fig. 14, 16 and 17) or in one 
direction only (fig. 15). 
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QUAI 14.15 205m Soil 
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Fig. 12. — Diagram of the lines and platforms at Paris- Gare St-Lazare. 
——— Voies Trafic mixte assurant la presque ——— Naigs Trafic mixte assurant. la presque 
WWMM Quais totalite du trafic suburbain l Guats totalite du trafic “grandes lignes” 
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Fig. 13. — Diagram of the lines and platforms in Zurich HB station. 
Lines and / Mixed traffic carrying most of Lines and | Mixed traffic carrying most of 
platforms \ the suburban traffic. platforms / the main line traffic. 
. 


It results from this point that those far off destinations and multiplying the 
responsible for the operating must take rakes for one of the nearer terminus sta- 
care to adapt the number of places avail- tions, and modifying the composition of 
able to this rapidly varying demand. A the rakes during the run. Although this 
priort, two methods would seem possible : question was not directly covered by the 
the introduction of rakes for more or less enquiry, an examination of the timetables 
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submitted by the Administrations shows 4. FUTURE PERSPECTIVES FOR 


that the first solution is very generally THE EVOLUTION OF THE SUB- 
used, no matter what type of operating is URBAN TRAFFIC. 

in force. The second would appear to be 

exceptional, and this is not surprising in The statistics sent in by the Administra- 


view of what it would entail as regards tions as well as the commentaries supplied 
shunting engines in the intermediate sta- with them show, in a very general way, 


ECHELLE: * = 10000 voyageurs par jour 


ae 3 km: 


NOTA: Le schema enregistre également les voyageurs en provenance ou 
2 destination des au-dela de la zone suburbaine.L’ importance 
de ce trafic est figurée par les fléches des gares d’extremite de 


la zone suburbaine. 
= _TERMONDE 


aN 
Y y) 
YX OPWUK MALINES V 
yy 4 
Q SS 


LOUVAIN 


SCHAERBEEK 


Pe 
7D QUARTIER LEOPOLD 


e748 


en 


ENGHIEN See 
ae f 


ies: | BRAINE-V’ALLEUD 7p, of, 
/ « 
Z W 
BRAINE-LE-COMTE 
NIVELLES 
Fig. 14. — Diagram showing the distribution of the traffic 
(in both directions) along the suburban lines of Brussels 
(SNCB). 
: Echelle... = scale — = 10000 passengers a day 
‘+ = 3 km 
NOTA. — The diagram also shows passengers coming from destinations 
The amount of such traffic is shown by 


beyond the suburban zone. 
the arrows at the end stations of the suburban zone. 


that the present tendency is towards an 

increase in the suburban traffic. 
However, the development expected is 

only moderate in most cases. Figures of 


tions and delays to the timetable which 
it would be hard to justify, at least in the 
case of trains running towards the centre. 


* * * 
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Fig. 15. — Diagram 
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GERONA 


MASSANET- 
-MASSANAS 
(2000 + 800) 


| BARCELONA- 
-TERMINO 
(/5000) 


MOLINS DE REY 


VILLANUEVA Y GELTRU 
(1300) 


VICENTE DE CALDERS 
(900 + 700) 


TARRAGONA 


of traffic 


(one direction only - outwards) along the suburban lines 
of Barcelona (Traffic as in March 1960). 
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Fig. 16. — Diagram showing the distribution of 


the traffic (both directions together) along 
the suburban lines of Copenhagen, electri- 
fied lines only, according to a count taken on 
the 138th September 1956. 


between 15 and % have been quoted 
for the next 10 year period by the follow- 
ing Administrations : SNCB, DSB, RENFE, 
FS, CFF. 


For the same period, the SNCF and 
RATP expect the increase to be more con- 
siderable: of the order of 50% on the 
average in the case of the SNCF (with as 
much as 200% on certain lines), and 30 
to 60 9% for the RATP (Sceaux line) accord- 
ing to the region served, as also the TCDD 
(70 %) and CP, the latter on their elec- 
trified lines at any rate (10% per annum, 
and possibly more). 

The PKP and SNCV on the contrary 
report a tendency to remain stationary, or 
even to decline. In the case of the PKP, 
this is due to the creation of suburban 
omnibus lines; in the case of the SNCV, 
to the increase in the number of private 
cars. 


25 % 


Amongst the Administrations which 
expect an increase in the demands for sub- 
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Fig. 17. — Diagram showing the distribution of traffic (both directions together) 


along the suburban lines of the Paris region (Traffic as in 1960). 
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urban transport, the opinion is generally 
held that the peak traffic will develop in 
proportion to this increase. In effect the 
expected increase in traffic relates to 
employees and workmen whose definite 
working hours are the cause of the peaks. 
In addition, the tendency towards the 
extension if not the generalisation of the 
5 day week is bound to increase the peak 
traffic still more, as 5 days work leaves 
little latitude in spreading out working 
hours in the different kinds of work. 


The Administrations are very conscious 
of the increased difficulties to be expected 
in this connection, if something is not done 
(0, prevent it: “Vhe FS, SNCER SMALE, 
TCDD and PKP all report having asked 
the Public Authorities to intervene in order 
to spread out the beginning and ending 
of working hours in the large cities. 


Only the PKP have obtained any results 
so far, which they consider to be satisfac- 
tory. The requests of the other Admi- 
nistrations have in general been favourably 
received by the Public Authorities, who 
unfortunately have little power to promote 
such changes in working hours which would 
involve profound changes in the pattern 
of life of the populations and are therefore 
considered undesirable in spite of the 
advantages they would bring. 

Long term action will be needed to 
obtain any appreciable results. 

It should be noted that the TCDD consi- 
ders that the only steps taken by the 
Public Authorities, especially as regards 
assistance in building at carefully selected 
sites, will be sufficient to reduce the size 
of the peak traffic in spite of the increase 
in the traffic they expect. 


* * # 


Or 


MEASURES UNDER’ CONSIDE- 
RATION TO MEET ANY POSSI- 


BLE INCREASE IN SUBURBAN 
TRAFFIC. 


In view of the problems and the burden 
imposed by the suburban services, problems 


which will tend to become aggravated as 
a result of the expected increase in this 
traffic, is it to the interest of the Admi- 
nistrations that such a development should 
take place, or would it not be better for 
them if steps were taken to ensure that 
part of the traffic was carried by some 
other method of transport ? 


This is a delicate question, but the Repor- 
ter considered that it was worth going into. 


A certain number of Administrations 
have at once to be removed from the dis- 
cussions; in the case of the SNCF and 
RATP, the suburban traffic is, at least to 
some extent, the main object of their work- 
ing. In other cases the question, whilst it 
could be considered from the point of view 
of the principles involved, is of no practical 
interest, because the Administrations in 
question have an obligation, in fact or 
legally, to carry all or nearly all the sub- 
urban and urban traffic (TCDD, DSB). 


Apart from these exceptions, the position 
taken up by the Administrations on this 
point would appear to be founded on a 
consideration of two points of view: that 
of their direct interest in the development 
of this kind of traffic and that of oppor- 
tunity. 


On the first point, they are far from 
being unanimous: certain Administrations 
have expressed very explicitely the opinion 
that they have a direct interest in the deve- 
lopment of the suburban traffic. This is 
the case, with no reservations, with the 
PKP, TCDD and CP, whilst the RENFE 
and OBB consider their interest therein is 
limited and corresponds with the present 
capacity of their installations and rolling 
stock. 

A few other Administrations have given 
implicitely an equally affirmative reply 
(MAV, NS), whilst three others (FS, SNCB, 
CFF) have expressed a completely opposite 
point of view, justified by considerations 
concerning the special cost of such traffic 
and the inadequacy of the corresponding 
receipts. 

The position of the SNCF is rather more 
delicate; its direct interest in the suburban 
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traffic is limited, and in particular the pre- 
sent position is not very satisfactory, but 
it considers that this does not prejudice 
any interest it might have in the develop- 
ment of the traffic above its present level. 
In other words, it does not exclude the 
possibility that the additional costs might 
be compensated by new receipts on condi- 
tion that it has not to bear any further 
capital costs. In sum, starting from a 
slightly different point of view, the opi- 
nion of the SNCF practically coincides with 
that of RENFE and the OBB. 


From the point of view of expediency, 
the Administrations are unanimous in 
considering that the suburban services are 
a Public Service which they cannot refuse 
to undertake. None of them has considered 
diverting all or part of the present or 
future traffic to other methods of transport, 
with the exception of traffic in the urban 
zones where other public transport services 
(tramways, metros, buses) can without 
inconvenience take the place of the railway. 


Certain transfers affecting the suburban 
traffic, which will be dealt with later, have 
however taken place or been considered, 
but these come within the general frame- 
work of a reorganisation programme for 
the suburban services and do not imply, as 
far as the users are concerned, any repu- 
diation of the idea of public service. 


The reporter considers that the Admi- 
nistrations have an interest, without doubt, 
in voluntarily giving up the urban traffic 
to the greatest possible extent and also in 
diverting to the public urban transport 
services (which if necessary should be modi- 
fied or extended) traffics to or from the 
first stations of the suburban zone, which 
are still within the city properly speaking. 
In effect on suburban lines with very heavy 
traffic, the services to the first few stations 
raise difficult technical problems, no matter 
what method of operating is adopted — 
even when the working is divided up into 
zones. It compromises the quality of the 
services to further off stations and can even 
be completely incompatible with the requi- 
rements of such services. 
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When increases are expected in the 
traffic, it would therefore be judicious to 
carry out technical and economic investi- 
gations in connection with such transfers 
of traffic, which would have the advantage 
of reserving the full capacity of the railway 
to meet those needs which it alone can 
satisfy. 


Examples given by the Administrations 
of transfers of the operating (and not only 
of clients) (') already made or under consi- 
deration are few in number: 

— in Portugal, in 1918 a 26 km long 
line (LISBON-CASCAIS) was transferred to 
the « Sociedade Estoril ». Electrified with 
1500 V D.C. the line carried in 1959 a 
traffic of 21.2 million passengers (271 mil- 
lion passenger-km); 

— in Belgium, the SNCB handed over 
to a private company in 1930 a 13 km long 
line (BRUSSELS-TERVUEREN) with little 
traffic, which today is worked by an omni- 
bus service; 


— in France, in 1938 the SNCF handed 
over to RATP the operating of the so- 
called Sceaux line (19.5 km) and part of 
the operating (driving and train staff) over 
the extension of this line to SAINT- 
REMY-LES-CHEVREUSE (16 km). 


At the present time, the following mat- 
ters are under consideration in France: 


— completely handing over the operating 
of this latter line to RATP; 


— the incorporation of two lines or sec- 
tions of line of the SNCF: the Vincennes 
line and the section La Folie-Saint-Germain 
on the East-West cross line in a projected 
suburban system, the Regional Express 
Railway, which will be in close connection 
with certain SNCF stations outside Paris 
and with certain Metropolitan stations 


() The transfer of clients which has been 
arranged would appear to be limited to the 
following cases : 

CFF - transfer of urban traffic to the local 
tramways system; 

PKP - partial transfer of the suburban traffic 
to State operated motor services. 
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within Paris, and have its own self-contained 
management (see chapter 8). 


In order to be able to deal with the 
increase in suburban traffic, the Admi- 
nistrations are proposing to make use of 
the following technical means, which are 
mentioned in order of priority : 


— electrification; 

— improvement of the signalling; 

— more frequent services; 

— increasing the capacity of the trains; 

— modifications to the stations with the 
heaviest traffic; 

— doubling or quadrupling the lines; 

— modifying the installations; 

— exceptionally: taking the lines under- 


ground with stations at two levels; creating 
new stations in areas of rapid development. 


This programme of measures can be 
considered satisfactory from the economic 
point of view, since the new capital works 
come at the end of the list, whereas the 
first measures mentioned assist in improving 
the productivity at the same time as they 
make it possible to increase the output. 


* * *¥ 


FIXING THE FARES. 


The replies received from the Admi- 
nistrations show that most of them are still 
running their suburban services with two 
classes of compartment. There appears 
however to be a certain tendency to extend 
the one class only system. Several Admi- 
nistrations run both one class only services 
and other services with two classes, and it 
appears likely that in the near future all 
their services will be one class only (DSB, 
PKP),. 

The basic fares are generally the same 
for suburban services as for the main lines, 
i.e. kilometric. This rule is not upset by 
the fact that certain Administrations 
responsible for urban services over the same 
lines as the suburban lines (SNCV, DSB) 
have special rates for the sections entirely 
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within the urban zone tariff in 
general). 

The basis of the tariff remains kilometric 
in the case of two Administrations who 
grant reductions on the basic rate for single 
tickets (CP, 20 % reduction, and PKP EAU 
reduction in GDANSK only). 

Only three Administrations, the TCDD, 
SNCF and RATP have zonal tariffs comple- 


tely different from the main line tariffs. 


‘The case is very simple on the TCDD: 
- suburban traffic is rated according to 

4 different distances around each city from 
which the suburban services start. The 
same principle is used on the RATP and 
SNCF, but it is more complex in applica- 
tion owing to the actual structure of the 
system (existence of lines with many curves, 
parallel lines (« de rocade », etc.). For the 
sake of co-ordination, the SNCF tariffs for 
the Paris suburban services and those of 
RATP for all its services, road and rail, 
urban and suburban, have a common basis, 
which is the price of a bus ticket (U). 
Leaving aside the question of the RATP 
urban tariffing, which hes outside the scope 
of this study, the Parisian region has been 
« zoned », taking the special difficulties 
mentioned above into account, and to each 
zone a multiple of U is attributed which 
represents the cost of transport by rail 
from no matter which station in this zone 
into Paris or vice versa. This price is 
approximately equivalent to that obtained 
for the same run by the combination bus 


+ metro. 


It should be pointed out that such a 
tariff system has no connection at all with 
the general tariff system of the SNCF, and 
in particular that it is not revised at the 
same dates as this latter. In fact, the value 
of U is fixed and revised in such a way 
as to ensure in principle the financial equi- 
librium of the RATP. 


It is possible therefore to get fairly 
considerable differences and_ fluctuations 
between the basic « main line » tariff and 
the basic « suburban » tariff, which has 
led to the provision, on the boundaries of 
the suburban zone, of certain connecting 


(single 
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Fig. 18. — Diagram showing the tariff zones of the suburban lines of the Paris region 


(General tariffing), May 1959. 


zones with the « main line » tariffs, as is granted to certain categories of users, either 
shown in the diagram of the zonal rates for commercial reasons, or, more often, for 
of the Paris region (fig. 18). social reasons. ‘These necessitate the issuing 

All the above refers to the normal rates. of weekly, monthly or longer season tickets. 
Appreciable reductions are —_ generally Certain Administrations do not give any 
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special concessions for season tickets in sub- 
urban traffic (CFF, FS, RENFE, for exam- 
ple) whilst others offer season tickets at 
lower basic rates in their suburban zones 
than for main line seasons. or use formulas 
which are not in use for the main line traf- 


fic (CP, MAV, SNCF, for example). 

Taking an average user of these season 
tickets, the reduction obtained compared 
with the basic single fare varies according 
to the Administrations, and __ possibly 
according to the distance involved and the 
period of validity, from about 50% to 
80 % or even 90 %. —" 

The following table appeared very signi- 
ficant to the Reporter. This table shows 
in gold centimes the transport rate of the 
passenger-km in the lower class, for a single 
30 km basic journey (’): 

a) with an ordinary « main line » ticket; 


b) with an ordinary « suburban traffic » 
ticket; 

c) with a 
employee » 
traffic : 

This table shows that the basic rate for 
the suburban services is practically the same 
as that for the main lines, but that consi- 
derable reductions are granted to wage- 
earners for their regular travelling to work. 

These very reduced rates are undoubtedly 
a public service charge. However, the 
Administrations who get complete or partial 
compensation from the State or Commu- 
nity are few in number: only three have 
admitted this principle to date: Belgium, 
France and Hungary, representing 5 Admi- 
nistrations (SNCB, SNCV, SNCF, RATP 
and MAV). In the same order of ideas, 
the CFF gets a guarantee of minimum 
receipts from local communities when they 
ask for new trains at agreed times. 


weekly « workman or 
season ticket in suburban 


(‘) This journey is definitely longer than the 
average distance passengers are carried” in 
suburban traffic (see chapter 3). When the 
basic rates decrease with the distance, the 
figures given in the table are therefore not 
fully significant. But the choice of a distance 
of 30 km was by coincidence that chosen as an 
example by the greater number of Administra- 
tions in their replies. 


BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 


NOVEMBER 1961 


In Belgium and Hungary, it is the State 
itself which pays for the financial compen- 
sation granted to the Administrations for 
these so-called social tariffs on the sub- 
urban services. It would appear that in 
Hungary there is complete compensation; 


in Belgium this covers in principle only 
half the loss of receipts. 
In France, the loss of receipts is fully 


compensated in principle, but on the basis 
of an average tariff which is lower than 
the basic tariff, and carried out according 
to complicated calculations which introduce 
the idea of the elasticity of the traffic as 
a function of the tariffs and marginal cost 
of the additional traffic. The State and 
the local communities concerned contribute 
towards paying this compensation in the 
respective proportions of 70% and 30%. 

The Reporter, for his part, can only 
stress the legitimacy of such compensation 
and remind readers that the underlying 
principle can be found in the studies 
concerning the normalisation of the 
accounts made by the INTERNATIONAL 
RAILWAY UNION. 


* © *& 


7. MANAGEMENT 
OF THE SUBURBAN SERVICES. 


No Administration has entrusted the 
management of its suburban services to any 
special Management or Organisation. 

The SNCF, however, reports that, owing 
to the size of the problem, in the case of 
the Paris region services, one of its Depart- 
ments (that of the General Studies) has 
been entrusted with centralizing questions 
concerning the general organisation of the 
suburban services within the framework of 
the general organisation of Parisian trans- 
port (programme of capital investment, 
coordination, economic balance sheets, etc., 
relations with the official organisation 
responsible for dealing with these ques- 
tions) (‘). 

With this very small exception, the sub- 
urban services are run everywhere, and 
ne Re 

(‘) Which will be dealt with in chapters 8 
and 10. 
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TRANSPORT RATES PER PASSENGER-KILOMETRE IN 2nd CLASS (1) 
AT THE BEGINNING OF 1961 


(for a single journey of 30 km) 


In gold centimes 


Weekly 
« workman 
or employees » 
season in 
suburban traffic 


sail Netaadicth Ordinary ticket Ordinary ticket 


main lines suburban traffic 


Sone 3.9 3.9 (7) 
SINGS velig | smene, 5.5 acs 0.9 
ee, a -_ a7 1.5 
eS 5.2 5.2 1.9 
RENFE..... 2.1 2.1 0.9 
RAT? CFS": ae. = 4.2 1.4 
SMGEY TE... .. 4.9 4.9 (4) 1.3 
MAY. 3.7 3.7 0.5 
tat Ge] eed ol 3.1 3.1 0.9 
2 ee ee ee 4.0 4.0 (6) 1.2 (5) (7) (8) 
ee ts 3.0 2.4 — (2) 
i 2) | a oe 7.8 7.8 1.0 () 
TCDD). 2. - 2.0 0.8 0.2 


(1) 3rd class on the RENFE, CP and TCDD. These three Administrations run their suburban services 
with two classes, 2nd and 3rd. ’ 

(2) The information supplied by the Administrations did not enable us to calculate this figure. However, 
there are season tickets issued at cheaper rates than the fares shown in the previous column. 

(3) The RATP suburban system has no 30 km long sections, so the prices shown are the average fares 
for each category. 

(4) Taking into account what was said above concerning the tariffing of the SNCF in the suburban zone, 
it is a coincidence that at 30 km the suburban tariff equals the main line tariff. . 

(5) For a single basic journey of 38 km instead of 30 km; the tariff for 30 km would be slightly higher. 

(6) This figure is valid for the WARSAW suburban zone. In the case of the GDANSK suburban zone, 
the tariff is reduced by 30%. ; 

(7) Monthly season valid for a return journey on each working day, taken as being used for 25 return 
journeys a month. é 

(8) The wage earner only pays 1/8th of this fare, the employer paying the other 7/8ths. 

(2) For a single journey of 45 km instead of 30. Only the main line ticket is affected, which would be 


at a slightly higher rate for 30 km. 


— 


6 
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from every point of view, just like the 
main line services. 

The Reporter would personally like to 
ask whether it would be judicious to retain 
this position in the future. In his opinion 
the problem deserves very careful attention 
by all Administrations whose suburban 
traffic forms a large part of their acti- 
vities (4). 

In effect, nearly all the problems raised 
by the suburban services have a marked 
specific aspect, whether it be question of 
the method of operating, of the stock, the 
tariffs, etc. On the other hand it is easy 
to appreciate, even when no precise balance 
sheet is got out, that the sums involved 
can be very considerable. 
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At the present time no Administration 
gets out directly any balance sheet for its 
suburban traffic from the accountancy 
details proper to this kind of traffic. 


Only the SNCF, RATP and DSB (?) 
regularly prepare each year a financial 
balance sheet, either from the statistics 
making use of the result of calculations of 
the cost (SNCF), or by direct imputation 
as far as possible of the costs and receipts, 
completed by an approximate calculation 
of the general costs and various receipts 
(RATP). 


The balance sheets got out by these three 
Administrations for a practically identical 
period (1959 or 1958-1959) can be given in 
the following condensed form : 


Total Total Oper- Deficit Deficit 
Administration receipts costs ating in Number per PK 
and gold gold coef- gold of in 
year in question francs francs ficient francs PK gold 
R EB EIR E—R centimes 
DSB (1958-1959) — — — 4 365 000 586 900 000 0.74 
SNCF (1959) 156 650 000 (*) |209 050 000 esis! 52 400 000] 4 540 000 000 Teles 
RATP (1959) 
Sceaux line 15 425 000 (*)} 18 050 000 123 2 625 000 385 000 000 0.68 
only 
E = Expenditures. Ro = Receipts: 


(*) Including all subsidies and compensation payments. 


Note: 

— the amount of the sums in question; 

— the existence of a considerable deficit, 
Bie Nees Ae AD Sp ey Sr 


() Naturally only the advisability of setting 
up a functional management at General Mana- 
gement level can be considered, the executive 
Si remaining common to all the passenger 
traffic. 


even in the case of the RATP whose gene- 
ral budget is balanced. ; 


The Reporter would also recall the fact 
that owing to the method of fixing the 
suburban tariffs described above on the 


() The balance sheets prepared by the DSB 
only cover the electrified portions of their 
suburban services, which also include urban 
services. 
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SNCF, it is practically impossible for them indisputable balance sheets might result in 


to balance their « suburban » budget. more favourable decisions. 
It is certainly of very great advantage tigi 


for the Administrations to prepare such 


balance sheets in order to guide their own 8. TECHNICAL COORDINATION 
policy and to strengthen their discussions OF THE SUBURBAN SERVICES 
and negotiations with the Public Autho- OF ADMINISTRATIONS WHO 
rities and Communities (’). ARE MEMBERS OF IRCA WITH 
OTHER URBAN AND SUBUR- 
BAN RAILWAYS. 


In particular as it is still exceptional for 
the State or Local Community to share 
in the cost of « social » tariffs, it is not 
surprising to find that they give no assis- 
tance towards the cost of suburban. ser- 
vices, such as financing certain capital 
work, granting loans on specially advan- 
tageous terms, making sites available, shar- 
ring in the cost of the line, whereas nego- 
tiations with the Public Authorities, care- 
fully prepared and based on precise and 


Leaving out urban and suburban tram- 
ways, which he outside the scope of this 
Report, there are often other urban or sub- 
urban Railways supplementing the  sub- 
urban services of the Administrations. 


The following table recapitulates, city by 
city, the information received by the Repor- 
ter on this point: 


This considerable network of various 
types of lines can be grouped into three 

(*) The method perfected by the ULC. is main categories, the two former being gene- 
available to assist them in preparing these rally in the open and the the third under- 
balance sheets. ground : 


Length | Annual volume 
Kind of of traffic 
Cities of line Sery ce line 
or system or 
system 106P 10®PK 


rae ’ ot VIENNA- 
VIENNA . . . | Suburban railway BADEN 


BRUSSELS  . | The SNCV, member of the Various 
I.R.C.A., has a suburban line services 
completing the SNCB line which (see fig. 19) 
has been included in this report. 
Its main characteristics are 
recalled here. 


COPENHAGEN| Suburban railway connecting | /AEGERSBO RG 
with the DSB lines at a station to NAERUM 
in the suburban zone 


MADRID . . | Underground metropolitan rail- 
way 


Kind 
of line 
or system 


BARCELONA. | |. Underground metropolitan 
railway 
2. Various private suburban lines 
(surface) 


Service 


Length 


system 


Annual volume 


of traffic 


106P 10®P-K 


1. Metropolitan railway, mostly 
underground, operated by 
RATP 


2. The RATP. Member of I.R. 
C.A., operates a short sub- 
urban system (so called Sceaux 
line) whose characteristics re- 
called here were taken into 
account in this Report. Lines 
in the open except for the 
urban part 


14 lines which 
do not extend 
beyond Paris 


PARIS to 
ROBINSON and 
MASS Y- 
PALAISEAU 


169 km 


19 km 


BUDAPEST. . | 1. Suburban railway in the 
open 
2. An underground urban line 


Various 
services 


1. Metropolitan Railway, partly 
underground (60°), mixed 
runs, urban and _ suburban 

2. Various suburban lines in 
the open 


Various 
services 


MILAN... . | Suburban railway in the open 


Various 
services 


TURIN. . . | Suburban railway in the open 


Various 
services 


NAPLES . . . | Suburban railway in the open 


Various 
services 


LISBON .. 1. Metropolitan railway under 
construction 
2. Suburban line in the open 


LISBON- 
CASCAIS 


FAONIKOIGE Urban and suburban lines in the 
open belonging to various com- 
panies and not connected to- 
gether 


(1) This line also carried 798 000 tons of goods in 1960. 
(7) This line also carried 36 000 tons of goods in 1959. 


Various services, 
one starting ina 
CFF station in 
the suburban 
zone (see fig. 20) 
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1. networks or isolated lines for sub- the suburban stations on one of the lines of 
urban transport radiating around the cities, the main Administration. 


two diagrams of which are appended for 3. urban metropolitan lines, amongst 
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Fig. 19. — Diagram of the railway network of the SNCV in the suburban zone of Brussels. 


Legend : —SNCV lines. 
common sections with urban tramways. 
SNCB lines. 


BRUSSELS and ZURICH (fig. 19 and 20). which the Paris metro is far and away the 

These networks are of considerable size and _ largest. 

sometimes carry goods traffic. The technical connections between these 
2. isolated lines branching off at one ol urban and suburban networks and the linés 
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of the Administrations are as a rule assured an interesting case of interpenetration and 
in the case of lines coming within the two the common user of the terminus station. 
last categories, but are the exception in the Technical connection is therefore complete. 
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Stations. 
case of lines and networks in the first cate- ‘This 


relates to the TURIN-RIVAROLO 
and NAPLES-BENEVENTO lines, operated 
by private companies, which have agree- 
ments with the FS, so that their trains run 


gory. 
The only two examples reported by the 
Administrations in this category are in fact 
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into the FS stations of TURIN-PS and 
NAPLES CENTRAL after running over 
FS lines for some 20 km. 

This solution, which is particularly judi- 
cious and satisfactory from the users’ point 
of view, presupposes, however, a large num- 
ber of passengers and the interpenetration 
on the main line must not be unduly 
long compared with the total length of 
the run. 


In all the concrete examples of lines of 
the 2nd category given by the Administra- 
tions, these conditions were not fulfilled. 
This meant there had to be transhipment 
at the junction stations. This however is 
a very simple operation. The connections 
are usually on the same level for one direc- 
tion, passengers using an underground pas- 
sage or footbridge for the other direction. 
The volume of exchanges being limited, the 
output capacity of the connecting installa- 
tions is much greater than actual require- 
ments, and looks like being so for many 
years to come 


So called « metropolitan » railways on 
the other hand give rise to special problems 
as regards technical connections with the 
systems of the Administrations. As has 
already been said, such connections have 
usually been arranged, but in some cases 
there are none, especially when the system 
has not yet been finally completed. The 
LISBON Metro for example has as yet no 
connecting point with the CP system; in 
the future it will run services to the most 
important of this Administration’s stations. 
Likewise, in MILAN, the FS stations are 


The platforms of Metro. line No. 3 
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not linked up with the first lines of the 
metropolitan which are soon to be inau- 
gurated. 

The public and the Administrations have 
the greatest interest in good technical con- 
nections between the metro and suburban 
stations, so it is to be hoped that such 
situations are only temporary. 

In ROME, MADRID and BARCELONA, 
the stations of the Administration and _plat- 
forms of the metro are directly connected 
by means of passages. It appears that this 
is sufficient and satisfactory, but the Admi- 
nistrations did not give any precise details 
on this subject, so that the question can 
only be gone into in detail in the case 
of PARIS. Here the connections between 
the SNCF stations and the metropolitan 
network operated by RATP are assured at 
all the terminal stations of the SNCF sub- 
urban lines: Paris-Est (3 metro lines), Paris- 
Nord (2 lines), Paris-Saint-Lazare (3 lines), 
Paris-Montparnasse (4 lines), Paris-Lyons 
(1 line), Paris-Bastille (3 lines), Paris-Orsay 
(1 line). 

Two intermediate stations in Paris also 
have such connections : 


Paris-Austerlitz (*) (2 lines); 
Paris-Saint-Michel (1 line). 
The actual arrangements at each station 


are obviously made individually; the fol- 
lowing table shows, for the Gare Saint- 


() Paris-Austerlitz is a main line terminus. 
In the case of the suburban services, it is 
simply a through station for lines which start 
at Paris-Orsay. 


Difference 


Horizontal F 
in level vertically 


distance 


From the platforms of Metro. line No. 12 


From the platforms of Metro. line No. 13 
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Lazare, the horizontal and vertical distances 
to be covered between the platforms of the 
metro and the premises of the SNCF sta- 
tion. 

Figure 21 is a detailed plan showing the 
whole of the Metropolitan installations at 
the Gare Saint-Lazare. 

In this particular case, the changes in 


cété Levallois 


cote Liles Place Gabriel Pén 
Rue de ['Arcade 
Fig. 21. — Paris Metro. Plan of 
different technical 
level to the SNCF station are made by 


means of sloping passages or by fixed stair- 
ways. In other cases, at Paris-Nord for 
example, certain changes in level are made 
by means of escalators. - The extension of 
such equipment, which is being regularly 
done, is limited at the present time to 
means of overcoming changes in level. The 
horizontal distances are moreover nearly al- 
ways very small, 150 m being almost the 
maximum. However, at Montparnasse sta- 
tion, owing to two formerly separate metro- 
politan stations being connected, the hori- 
zontal distance in the connecting passages 
may be as much as several hundred metres. 
In this particular case, the installation of a 
conveyor is being considered. 

There is a considerable exchange of traf- 
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Accés Ploce du Havre 


access 
means of connection with 
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fic between the Metropolitan and the 
SNCF, which shows very clearly the resour- 
ces the two railways, one urban, the other 
suburban, in close technical connection, can 
offer as regards the dispersal and concen- 
tration of masses of passengers. The fol- 
lowing table shows for the main stations, 
from counts made during January 1961, of 


| 


4 | 


Accés Rue d'Amsterdom 


Porte dela Chopelie 


Sas Fem 2 Ss 
Salle tyes WIGNER —-—ss 
Saree QUA! I> 


to St-Lazare station showing 


the SNCF station. 


season ticket holders, the approximate num- 
ber of suburban passengers changing from 
one railway to the other, on the one hand, 
the daily average, and on the other at the 
rush hours (see following Table). 

There is a case of a connecting station 


on the RATP between its urban Metro- 
politan system and its Sceaux suburban 
line. ‘The exchange traffic at this common 


point (Denfert station) is some 70000 pas- 
sengers daily, with 8500 to 9000 at the 
rush hour. To deal with such traffic, spe- 
cial arrangements had to be made. 

At Paris-Nord, where it is expected that 
the traffic will double itself within 10 years, 
each suburban passenger platform has a 
direct connection with the Metropolitan 
passage ways. 


Rue Coumortin 
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Number of suburban passengers exchanged 
between SNCF and RATP 


sSayysnnnE nnn ee 


daily average 
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(Metropolitan ) 


at rush hours 


Paris-Lyons 

(only 1 Metro line) 57 000 13 500 
Paris-Austerlitz 

(2 Metro lines) 65 000 14 500 
Paris-Nord 

(2 Metro lines) 96 000 25 500 


Paris-St-Lazare 
(3 Metro lines) 


At Paris-Saint-Lazare, where 6 SNCF sub- 
urban lines converge with 3 Metro lines, 
the installations are practically used to full 


capacity already. There would be no point 
in increasing the output of the connecting 
passages as these correspond more or less 
to the maximum traffic which the Metro 
can take away. The only solution reco- 
gnised as possible would be to reduce the 
traffic at this station by making direct 
connections with some of the lines to a 
new underground transversal line (fig. 22). 


From the results of the above mentioned 
count, it would appear that the proportion 
of suburban passengers who after arriving 
at the station make use of some other means 
of transport (other than walking) to reach 
their final destination in Paris is very small, 
only 10 to 15% according to the station. 

Nevertheless the presence of large rail- 
way stations right in the heart of the city 
of Paris has often been criticised by the 
town planners who object that: 

— they occupy valuable space; 

— they cut a certain number of through 
roads; 


— they lead to heavy concentrations of 
traffic and thus cause traffic jams. 


Such criticisms are not levelled at Paris 
alone; the SNCB, RENFE, FS, and MAV 
all report that their terminus stations in 
the large cities have been the subject of 
similar criticisms, more particularly as 
regards the interference with through roads. 


On the other hand, other Administrations 
(DSB, PKP, CFF) state that they have never 
been criticised in this way. 

A few transfers or improvements in the 
position have been made in some countries 
(Belgium, Italy). “The State has been lar- 
gely responsible for financing the work, 
whilst there has been close collaboration 
between the Railway, the local Administra- 
tions and the Urban Councils, who on their 
side have rearranged the sewers and the 
town traffic in such a way as to ensure that 
the services to the new stations shall be 
as satisfactory as possible. It should be 
noted that in no case has there been any 
refusal to allow stations outside the city 
or even on its periphery. 

In Brussels, the station concerned (Brus- 
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sels-Midi) has practically not been moved, 
but all the lines have been raised 7 to 8 m, 
which enabled to make numerous passages 
under them, thus restoring the through 
routes formerly interrupted and doing away 
with the main grounds for criticism of the 
town people. This operation was combined 
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of MILAN PORTA NUOVA and NAPLES 
CENTRAL have been moved a little from 
their old positions, in full agreement with 
the two planning departments of the local 
Administrations. In addition, underground 
roadways have been built under the access 


lines, so that there was no longer any 
‘\ bare el Est 
oe S 
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Fig. 22. — Project for the first line (East to West) of the future 
Regional Express Network of the Paris region. 


Legend : 


Sections of SNCF lines to be incorporated in the Regional Express network. 


wees Sections of the future Regional Express Network to be used by the SNCF for its general 


main fine and goods traffic. 
New sections to be built. 


Existing SNCF lines which will not be incorporated in the Regional Express Network. 


with the making of a connection between 
the Nord and Midi Stations, the connection 
which passes through the city being built 
either as a viaduct or underground, and a 
station has been built on the lines of this 
junction, right in the centre of Brussels, 
which handles a_ traffic of more than 
50 000 passengers a day. 

In Italy, on the occasion of work of 
reconstruction or modification, the stations 


question of moving the stations out of the 
city or to its boundaries. 

Finally, in Rome the new TERMINI 
Station takes all the lines which formerly 
ended at various city stations. This station 
is a bare kilometre from the centre of Rome, 
and its construction was the subject of a 
town planning project got out by the FS 
and the State and City of Rome authori- 
ties, and its successful outcome has been 
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much appreciated by all visitors to the 
Italian capital. 

The Administrations are in general very 
much against moving their terminal sta- 
tions outside the cities or to their bounda- 
ries, for reasons which have been formu- 
lated very well by the NS: 


« On the commercial plane, — stations 
within the city enable clients to complete 
their journeys in a shorter overall time and 
under better conditions; as far as town 
planning is concerned, they involve less 
traffic from the periphery towards the cen- 
tre; the terminal passenger traffic takes 
place all at once and not at stepped out 
intervals, and many of the passengers are 
so close to their final destinations, that 
they complete their journey on foot. » 

Owing to the large capital sums such 
changes would involve (since, as a general 
rule, the new passenger stations would have 
to be built on the site of the goods instal- 
lations which themselves would first of all 
have to be moved somewhere else), such 
radical projects have little chance of being 
realised. This is the real reason why cer- 
tain projects of this kind put forward by 
the Paris town planning authorities for 
certain SNCF stations have never been 
seriously considered. 


Belgian and Italian experiences show, 
however, when there exist real problems, 
it is generally possible to find solutions 
which will satisfy both the requirements 
of all the urban traffic and the legitimate 
desire of the Administrations to have their 
stations right inside the large cities. 

From the financial point of view, the 
position of the Administrations should logi- 
cally be: the railway should only have to 
find the capital for costs corresponding to 
an effective increase in its installations 
which it wants, and for financing operating 
changes which will eventually lead to eco- 
nomies thanks to the new arrangements 


adopted. 


* * * 


The facts reported in this chapter, de- 
voted especially to the problem of coordina- 
tion between the suburban lines of the 
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Administrations and those of other urban 
or suburban systems have shown that in 
many towns, there are problems of this 
kind and that they may be serious. Rela- 
tions between the Administrations and 
other networks are numerous and most 
satisfactory. ‘Two examples of perfect tech- 
nical coordination were reported in parti- 
cular from Italy thanks to agreements for 
common user and interpenetration made 
between the FS and_ private companies. 
Interpenetration presupposes, as we have 
seen, a certain number of conditions that 
are rarely fulfilled. The Administrations 
mention in their replies only another exam- 
ples: in Brussels, the SNCV takes its pas- 
sengers right into the centre of the city, 
thanks to agreements made with the urban 
tramways company on four terminal rou- 
tes. Agreements of the same kind will be 
made at the appropriate time between the 
SNCF and the Company responsible for 
operating the new Regional Express Net- 
work for the common user of a 23 km 
section. 


However, the seriousness of the problems 
arising in the large cities leads to a fer 
that the collaboration between the various 
transport undertakings will be insufficient 
to regulate all the problems of technical 
coordination, which often have vast impli- 
cations right outside their normal fields of 
activity. A case in point is the question of 
moving the terminal stations in the large 
cities. This involves the question of expe- 
diency and the existence of organisations 
responsible for elaborating the future pro- 
gramme of suburban transport as a whole 
and deciding upon the different stages, 
organisations in whose work the Admi- 
nistrations must obviously be closely asso- 
ciated. 


‘The problems of suburban transport in cer- 
tain cities are considered as not great enough 
for such organisations to be needed, so that 
it is not surprising that the replies received 
from the Administrations show that there 
has not been any question of setting up 
such organisations. 

On the other hand, certain Administra- 
tions report the existence of more or less 


830/42 


extensive land tribunals or technical com- 
missions (RENFE, MAV, CFF) to meet such 
requirements in the cities concerned. Exten- 
sions in the powers of the creation of new 
organisations with greater powers are some- 
times under consideration. The DSB on 
the contrary reports that a proposed law 
to create such an organisation in COPEN- 
HAGEN with extensive powers was thrown 
out by Parliament. 

In the case of the transport in the Paris 
region, there is a « Syndicate of Parisian 
Transports », an organisation set up in 1959 
by the State, the City of Paris and the 
4 departments geographically concerned in 
the problem of transport in the Paris 
region. The actions of this syndicate are 
concerned above all with tariff and com- 
mercial coordination, to be dealt with in 
chapter 10. But they are also responsible 
for keeping a close watch on development 
projects in connection with the means of 
transport in the Paris region. 


The project now under study covers the 
four year period 1962-1965; it provides for 
the commencement of the construction of 
the first line of an electric network for 
transport over medium distances known as 
the regional express network, to be formed 
by connecting together a certain number 
of the SNCF suburban lines by means of 
underground links through Paris. The 
underground sections will have an improved 
layout compared with the present metro 
so that SNCF type trains can run on them 
at a speed of 100 km/h. There will only 
be a limited number of stops in Paris: 
these will assure the connections with the 
most important junctions of the Metropo- 
litan railway. 

The general structure of the regional 
express network is still far from being 
finally settled, but it is expected to consist 
essentially of two important cross lines, oye 
east to west, which will be built during 
the 1962-1972 period and the other north 
to south (fig. 22). 

The project now being studied also pro- 
vides for the SNCF to extend the electri- 
fication of its suburban lines and to make 
certain important modifications in certain 
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Paris stations, which will be necessary on 
account of the increased traffic expected, 
which have been dealt with in Chapter 5. 

It is clear that problem of this magnitude 
can only be approached by investigations 
and projects far beyond the means of the 
Administrations; in such complicated cases, 
the setting up of organisations with more 
extensive powers, embracing in addition to 
the Administrations, all the Departments 
and Communities concerned, is absolutely 


essential. 
* * 


9. TECHNICAL COORDINATION 
BETWEEN THE « MAIN LINE » 
SERVICES AND THE SUBURBAN 
AND URBAN RAILWAY SERVI- 
CES. 


Exchanges between the urban and_ sub- 
urban services and those of the main lines 
have not been counted by the Administra- 
tions, so that it is not possible to charac- 
terize them accurately. The Reporter there- 
fore regrets that he can only make general 
statements and estimates which merely re- 
flect his personal judgment. 


Compared with the volume of traffic 
affected by exchanges between suburban 
services and urban services, it is quite clear 
that the exchange traffic covered by this 
chapter cannot be said to be important. 

A distinction can however be made 
between exchanges between suburban  ser- 
vices and main line services and_ those 
between urban services and the main lines: 
the former are without doubt of little 
importance compared with each of the two 
traffics in question, whereas the second, 
though they may be of very little impor- 
tance compared with the sum total of 
exchanges with the urban services may be 
significant in relation to the main line 
traffic. 

Such exchanges have not necessitated any 
special installations in the stations in any 
case, even when the suburban services and 
the main line services are worked on dif- 
ferent lines and platforms. The arrange- 
ments that have to be made in any case 
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to deal with passengers coming in from 
outside are suitable and adequate for pas- 
sengers changing from one to the other, 
whether it is question of a terminus sta- 
tion or through station. Likewise the tech- 
nical means of connection between the 
urban services such as the metropolitan rail- 
ways and the stations of the Administrations 
are suitable for passengers of both the 
main lines and suburban trains. 

The terminus stations have almost a mo- 
nopoly of the exchanges between the urban 
services and main lines services; they also 
are responsible for a great proportion of 
the exchanges between the suburban traffic 
and main line traffic. However, it often 
happens that there are stations on the out- 
skirts'of the suburban zone at which some 
of the main line trains stop thus allowing 
of exchanges of passengers between these 
two categories of traffic; sometimes this 
happens within the suburban zone, if this 
is very extensive or when it includes impor- 
tant railway junctions, at which the main 
line trains stop (SNCB, SNCF, DSB, CFF, 
FS). 


* * 


10. FINANCIAL AND COMMER- 
CIAL COORDINATION WITH 
METROPOLITAN AND OTHER 
RAILWAYS. 


In Chapter 8, we dealt with the organisa- 
tions that have been set up in various 
countries, with more or less extensive 
powers, in order to achieve technical coor- 
dination between the Administrations and 
the urban and suburban networks, espe- 
cially from the point of view of their deve- 
lopment programmes. 

Tariff, commercial, and possibly financial 
coordination is more easily obtainable by 
direct agreements between such railways 
and the Administrations in all cases that 
are not of undue complexity. 


It is therefore not surprising to find that 
there is no official organisation for this 
purpose outside France, where at the pre- 
sent time such responsibilities are entrusted 
to the Syndicate of Parisian Transports. 
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But although this Syndicate has only been 
in existence since 1959, a similar organisa- 
tion for the same purpose has been in fact 
in existence since 1938 under various 
names. In particular, the Committee of 
Parisian Transports was responsible for the 
tariffs on common bases for the SNCF and 
RATP in force since 1941, dealt with in 
Chapter 6 above. 

On the financial plane, the creation of 
this Syndicate standardised the regulations 
for the distribution of payments made to 
the SNCF and RATP for loss of receipts 
due to the application of the reduced fares 
they are required to offer for social reasons 
(see Chapter 6 above). 

In future, 70° of this compensation will 
be paid by the State and 30% by the 
Community, whereas up to the present dif- 
ferent rules have applied to the SNCF on 
the one hand and RATP on the other. 


The Syndicate is therefore the organisa- 
tion responsible for Paris transport as a 
whole; it has powers to assure that this is 
worked at the lowest cost to the Commu- 
nity as a whole. 


The tariff agreement between the SNCF 
and the RATP for its suburban services 
has been commented upon in Chapter 6 
above.. This is practically a unique case 
the only other example mentioned in any 
of the replies is that of the three suburban 
lines of the Zurich region who have adopted 
tariffs like those of the CFF. Each Com- 
pany in question has estimated the « tariff 
kilometrage » of its line, which might differ 
from the real kilometrage, and the CFF 
tariff is applicable to this tariff kilometrage 
for ordinary tickets. One of the Companies 
also has the same tariff for season tickets 
as the CFF. 

If examples of common tariffs are rare, 
the issuing of combined tickets or season 
tickets is more frequent. 

Examples of this were reported by the 
SNCB, SNCF, DSB and CFF. The SNCF 
also reports that it sells RAP season tickets 
at its suburban stations, but these are not 
actually combined season tickets. The CFF, 
in addition to various classic examples, 
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reports one fairly exceptional case : the 
holder of a season ticket for all their lines 
also receives a card entitling him to free 
travel on the urban transport services of 
17 Swiss towns. This facility is made pos- 
sible thanks to the Union of Swiss ‘Trans- 
port Undertakings, an organisation which 
is also a member of the IRCA. 


Cooperation between transporters also 
extends to the goods traffic when technical 
characteristics such as the gauge, loading 
gauge, radius of curves, transitions, etc., so 
allow. The OBB, SNCF, FS, and CFF all 
report movements of goods wagons over 
the suburban networks connected to their 
installations (but not with the metropolitan 
networks where satisfactory technical condi- 
tions are impossible). 

In every case the traction is assured by 
the Administration operating the line. The 
tariffs are either those for private sidings 
(FS) or dividied pro rate to the distances 
(OBB) or according to special agreements 
for through traffic (CFF). 

In the case of the SNCF, this traffic is 
worked in conjunction with RATP; it is 
forwarded over a line under a rather com- 
plicated regime, which will shortly be stan- 
dardised as already reported. 

The SNCF receives all the receipts, and 
pays RATP its various charges according 
to the rates laid down by contract. 

On the other hand, there are no exam- 
ples of financial solidarity between the dif- 
ferent transport undertakings, no matter 
how closely they are connected in the field 
of the tariffs or for carrying out certain 
services in common. iad 


11. SUMMARIES. 


Although it is often important as regards 
the receipts, costs and capital investments 
represented, the suburban traffic only repre- 
sents a small part of their activities for most 
Administrations. For this reason, it is to 
be feared that they have not always paid 


sufficient attention to it. However, the 
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problems it gives rise to are of a very spe- 
cial nature, quite distinct from those of the 
main lines, and it is of great interest 
to study them specially. The enquiry which 
led to the compiling of the present report 
has confirmed this. 


It is not sufficiently complete to allow 
the final summaries to be formulated — 
only the special report will make this pos- 
sible, but it has made it possible to throw 
some light on this difficult question, which 
can be summed up in the following pro- 
visional summaries : 


I. — Suburban traffic is characterized by 
the daily movement in alternate directions 
of wage earners, scholars and students to 
the large centres; the greater part of this 
traffic consists of travel in radial directions. 
The regularity of the journeys made by 
each individual and the social status of the 
passengers distinguishes this traffic from 
that due over a wider zone of attraction to 
the existence of a large city playing the 
part of an economic metropolis. Never- 
theless, in the case of journeys which begin 
within the suburban zone properly speak- 
ing, these two kinds of traffic are super- 
imposed and cannot be separated in prac- 
tice, though the former preponderates and 
gives its Own particular traits to the whole. 


II. — The demand for suburban trans- 
port is characterized : 

a) by the very great number of passen- 
gers, making a short average journey, about 
P2.to me) kms 

b) by its high concentration, making it 
necessary to have many stops very close 
together; 

c) by fluctuations in time, the greater 
the smaller the period considered : seasonal 
variations are only noticeable in certain 
countries where the rythm of work is pro- 
foundly affected by certain customs, such 
as the concentration of holidays within a 
short summer period; weekly variations are 
considerable everywhere, with Sunday traf- 
fic — and increasing Saturday traffic — 
very much smaller than that of an ordinary 
day of the week; daily fluctuations are 
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also considerable, the rush hour traffic 
often being as much as 15 to 20 times 
greater than that of the slack periods, with 
no demand at all for 4 or 5 hours every 
night: 


d) by a fairly general tendency to 
increase, with a greater increase than ever 
in the rush hour traffic, if things are 
allowed to go their own way; 


e) by the need for very low transport 
rates; 


f) by important exchanges, especially in 
the very large cities, where urban transport 
facilities are available, especially metropo- 
litan railways, and few but still considerable 
exchanges with the main line services, and 
other connecting suburban services. 


Ill. — The technical means and operat- 
ing methods have had to be adapted to 
these particular aspects of the demand, 
sometimes giving the suburban services the 
character of a repeated daily performance 
less well known to the general public but 
just as indisputable as that which markes 
the operating of the main line services : 


a) the rolling stock in particular is often 
specially designed for suburban traffic. This 
is the case for example with the reversible 
electric rail motor coach sets. Even when 
the traction is assured by classic locomo- 
tives, the coaches generally have specially 
designed, more numerous and wider doors 
than the standard coaches, and the possi- 
bility of being able to drive them in reverse 
adds great flexibility to the operating; 


b) the timetables for the suburban ser- 
vices give rise to special problems to the 
experts. If circumstances permit, the opti- 
mum results are obtained by very charac- 
teristic methods of operating : spaced paral- 
lel services, or services by zones, according 
to the nature of the problems. However, 
the working of various kinds of traffic over 
the same lines often makes it necessary to 
be content to make the most with great 
ingenuity of the lines that are free for the 
suburban services and to work these in- 
between the irregularly times through, 
semi-through and stopping trains; 
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c) the enormous range of hourly  fluc- 
tuations in the traffic affects not only the 
number and type of trains made available, 
but also the composition of the sets; 


d) in the terminus stations, the suburban 
traffic can be assured, if it is not too great, 
on the lines and platforms also used for 
the main line traffic. There is however 
a tendency to work it a priori from certain 
designated lines and platforms. After a 
certain traffic level (about 12000 to 
15 000 passengers per line per hour at the 
rush hour), in practice it becomes neces- 
sary to reserve not only platforms but also 
main lines for the suburban traffic; 


e) the basic tariff for the suburban ser- 
vices is generally identical or at least very 
similar to that for the main lines. But 
only a small number of passengers are 
carried on this tariff, since big reductions 
of as much as 50 to 90% (average about 
70%) are granted on weekly or monthly 
seasons to anyone who makes a regular 
return journey in the suburban zone. These 
seasons tickets, granted for social reasons, 
usually at the request of the Public Autho- 
rities, represent a great loss of revenue for 


the operators, who only exceptionally 
receive any compensation; 
f) the installations for connections 


between the suburban lines of third parties 
and the suburban lines of the Administra- 
tions are in general very simple; the con- 
nections between the main lines and sub- 
urban lines of the Administrations are 
assured without any special installations in 
the terminus stations and at some of the 
large stations in the suburban zone. On 
the other hand, the installations for the 
technical connection between the urban 
transport networks such as metropolitan 
railways and the terminus stations of the 
suburban lines of the Administrations may 
be very extensive. These consist essen- 
tially of underground passages, sloping pas- 
sages, stairways, escalators, etc. ‘Their out- 
put is considerable and makes it possible 
to exchange a great deal of traffic (more 
than 10000 persons an hour per metropo- 
litan line); 
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g) ticket collecting in the case of sub- 
urban traffic raises very special difficulties. 


IV. — In spite of the great deal of skill 
with which it is assured, the suburban 
traffic continues to set the Administrations 
interesting and difficult questions. Some 
of these are of a technical nature, other 
more general in their scope. Often, they 
have only been dealt with in this report 
from the bases of a very restricted number 
of replies. It would appear therefore that 
such questions should be the subject of 
careful examination during the 18th Ses- 
sion of the Congress. 


The Special Reporter, in particular, 
would then have more opinions and deci- 
sions which would enable him without 
doubt to suggest interesting resolutions on 
this subject. 


The questions which the Reporter would 
like to submit for special attention are the 
following : 

— is traction by classic type Diesel loco- 
motives an acceptable final solution for 
suburban services with stops at frequent 
intervals requiring great acceleration ? 


— are high platforms particularly well 
adapted for suburban lines; are they compa- 
tible with the other traffics ? 


— is it to the interest of the Administra- 
tions to set up parking sites near their 
suburban stations, and how are they to do 
so? 
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— what steps should the Administrations 
take to spread out the rush hour traffic ? 

— have the Administrations an interest 
in transferring to other transport under- 
takings the urban and suburban traffic of 
the first stations out of the city? 

— is the principle of compensation for 
loss of revenue due to the « social » tariffs 
applied to suburban season tickets unani- 
mously agreed? Why are the _ results 
recorded to date still so poor? 

— is the preparation of balance sheets 
for the operating of the suburban services 
to be recommended, and on what lines? 
Would such balance sheets be likely to faci- 
litate negotiations between the Administra- 
tions and Public Authorities in order to 
obtain compensation for the loss of revenue 
due to the social tariffs ? 

— is the future creation advisable, and 
if so, when, of a special department, form- 
ing part of the General Management, 
responsible for all matters of principle in 
connection with the suburban traffic ? 

— removing the large railway stations to 
the boundaries or outside the cities being 
rejected in principle, under what condi- 
tions — and in particular under what 
financial conditions — should the Admi- 
nistrations consent to the limited trans- 
ference of some of the large terminus sta- 
tions ? 

— do the Administrations wish to set up 
technical and_ tariffary coordination orga- 
nisations, and if so, with what powers ? 


TT 
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INTERNATIONAL RAILWAY CONGRESS ASSOCIATION 


18th SESSION (MUNICH, 1962). 


QUESTION 3. 


Latest developments in the braking of railway rolling stock 
(systems, control, types of equipment, materials used...). 


REPORT 


(America (North and South), Australia, Burma, Ceylon, Egypt, Finland, Ghana India, 

Indonesia, Irak, Iran, Republic of Ireland, Japan, Malaysia, New Zealand, Norway, 

Pakistan, Philippines, Siam, South Africa, Sudan, Sweden, Union of Socialist Soviet 

Republics, United Kingdom of Great Britain and Northern Ireland and dependent 
overseas territories), 


by V.M. Kazarinov, 


Doctor of Technical Sciences, Professor of the All-Union Scientific Research Railway Transport Institute. 
Ministry of Courwunications, U.S.S.R. 


Introduction. 


During recent years there has been noted 
on a number of railways a tendency of 
increasing the speed of passenger trains 
and the weight of goods trains. 

In this connection, naturally, attention 
is being paid to the improvement of brak- 
ing systems as a means of ensuring the 
safety of train operation. 

The following principal trends in the 
perfection of railway brake equipment dur- 
ing recent years may be set forth upon 
analysing the materials submitted by the 
railway administrations, as well as publicat- 
ed materials. 


1) The improvement of the brake system 
air distributing valves in the part of in- 
creasing the speed of propagation of the 
braking wave, increasing the sensitivity of 
operation upon application and releasing 
of the brakes, prolonging the periods be- 
tween repairs, simplifying the design and 
improving the reliability and stability of 
action in operation conditions. 


7 


2) The increasing of the specific brak- 
ing force of the rolling stock by using spe- 
cial governors that automatically regulate 
the force applied to iron brake shoes de- 
pending upon the speed of the _ train, 
or by employing new friction materials for 
the brake shoes that have a friction coef- 
ficient which only slightly depend upon 
the speed. 


3) The development of special governors 
that automatically change the braking force 
of a vehicle depending upon its load or 
the number of passengers. 


4) The investigation of ways of using to 
the greatest extent the adhesion of the 
wheels to the rails when braking simul- 
taneously protecting the wheels against slip- 
ping upon application of the brakes (anti- 
slipping governors, electromagnetic rail 
brakes, mechanical and chemical cleaning 
of various dirt and atmospheric precipita- 
tion from the rail surfaces). 

5) The increasing of the extent of em- 
ploying electric braking on electric loco- 
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motives and electric trains as an auxiliary 
operative system in addition to the main 
friction brakes. 

On a number of railways the develop- 
ment has been furthered of the electropneu- 
matic type of automatic brakes, which is 
the most perfectly controlled system of brak- 
ing, distinguished as a rule for its quick 
action and smooth application. 
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land, Australia and other countries the em- 
ployment of composition brake shoes with 
a friction coefficient that only slightly de- 
pends upon the speed and with an increas- 
ed resistance to wear in comparison with 
cast iron brake shoes is being given in- 
creased attention. 

These brake shoes permit increasing to 
a considerable degree the brake efficiency 


, Coefficients of friction of the composition brake 
| shoes | material Cobra’) on the steel wheels —_ 
| | 


Coefficient of friction 


¥4 = ts — + 


—o—| /= 1600 kg 


1 K= 800 kg 
x 


= 1600 kg 


—- 
| 
| 


—x—, K=6800k9 ; i - pressure on\ the brake shoe 


_—— 
(20 


1 | ee ae ee : - 
¢ 10 20 30 40 50. «60 70 80 90 100 70, , 
Velocity Vkm/s 
Fig. 1. — Friction coefficient of type « Cobra » brake shoes in relation 


to train speed. 


In connection with the running on some 
railways of long and heavy goods trains 
(weighing up to 6000-8 000 tons and about 
1200 m long) the problem of reducing the 
longitudinal forces acting in a train upon 
application of the brakes has become quite 
important. “This problem is solved by em- 
ploying electropneumatic braking, selecting 
the proper indicator diagram for the brake 
cylinders of the vehicles and the locomotives 
and selecting the characteristics of the rela- 
tionship of the brake shoe coefficient of 
friction. 

Let us consider briefly some new  solu- 
tions of automatic brake equipment pro- 
blems that have been developed during the 
last few years. 


New friction materials for brake shoes. 
During the last few years on the railways 
of England, the U.S.A., the U.S.S.R., Fin- 


on rolling stock operated at high speeds 
without employing special automatic brak- 
ing force regulators that are dependent on 
the train speed, simultaneously reducing the 


force acting on the brake shoes several 
times. 
The most characteristic types of the 


brake shoes mentioned above are the type 
« Ferodo VG-4 » shoes (England), the « Co- 
bra » shoes (U.S.A. railways) and shoes of 
the material 6 KB-10 (U.S.S.R. railways). 

Curves characterizing the values of the 
coefficient of friction for the « Cobra » 
brake shoes are shown in figure 1, while 
similar curves for the type 6 KB-10 shoes 
are shown in figure 2. 

Usually such brake shoes, including the 
« Cobra » and 6KB-10 types, are manu- 
factured by pressing the friction material 
onto special steel holders. A general view 
of such a shoe is shown in figure 3. By 
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correspondingly selecting the materials a 
shoe is obtained that has a coefficient of 
friction only slightly depending upon the 
speed and a high resistance to wear. Thus, 
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or 6KB-10 types do not have the draw- 
backs stated above. 

According to data of the firm « Ferodo 
Limited » brake shoes of the material « Fe- 


for instance, the 6 KB-10 shoes manufactur- rodo VG-4 », consisting in the main of a 


Coefficients of friction of the composition brake shoes 


Q.. /material 6KB-10/ on the steel wheels. 
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Fig. 2. — Friction coefficient of type 6 KB-10 brake shoe in relation 


to train speed. 


ed on a rubber binder have a wear re- 
sistance about 5 times greater than that of 
the standard brake shoes. 

When non-metallic brakes shoes are being 
used a very great importance should be 
attached to the thermal influence of these 
shoes on the wheels and on the wear of 
their rolling surfaces, as these shoes are 
not able to remove heat during application 
of the brakes to the same extent as iron 
brake shoes do. 


The experience obtained in the use of 
such brake shoes shows that some non-me- 
tallic friction materials, while possessing 
satisfactory properties as regards the value 
of the friction coefficient and wear resist- 
ance, may have a harmful influence on the 
wheels in respect to the formation of ther- 
mal microcracks and cause abnormal wear 
of the rolling surface of the wheels. Large- 
scale testing in operation has shown that 
composition brake shoes of the « Cobra » 


brake shoe. 


Fig. 3. — Composition 
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formaldehyde resin and an asbestos filler 
have a number of advantages over cast Iron 
brake shoes. The firm indicates (and this 


Braking aistance (m) 


75 100 125 150 170 


Speed (km/h) 


Fig. 4. — Curves showing the relationship of 
the braking distance (S,,) to the speed of a 
test train for the following brake shoes. 


1) cast iron (coefficient of brake pressure 5 = 0.48); 


2) of material 6 KB-10 (§ = 0.24); 
3) of material 6 KB-10 (calculated for electropneuma- 
tic brakes and anti-sliding regulators). 


is confirmed to a definite degree by com- 
munications of the railways of Great 
Britain, Australia, Finland, etc.) that these 
brake shoes have a wear resistance from 3 
to 4 times greater than that of cast iron 
brake shoes. As a result of an increased fric- 
tion coefficient that depends only to a 
slight extent on the speed it is possible 
to considerably reduce the braking distance 
of high-speed trains with a lighter brake 
system. Attention is paid to the absence 
of noise and the smoothness of brake appli- 
cation with these shoes. It has been noted, 
however, on the railways of Finland, that 
when using the « Ferodo VG-4 » type 
of brake shoes in winter during snowstorms 
a certain reduction of the friction coeffi- 
cient takes place, which is accompanied by 
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a corresponding increase in the braking 
distance. 


The type 6 KB-10 brake shoes, besides 
widespread checking in operation on pas- 
senger and goods trains on the U.S.S.R. 
railways, including steep and long down- 
grades, and also under winter conditions, 
have been checked for the efficiency of 
braking at high speeds. Figure 4 shows 
a diagram of the relationship of the brak- 
ing distance to the speed of a passenger 
train and figure 5 shows a similar relation- 
ship for a single diesel locomotive, both 
diagrams being based on experimental data 
obtained on level sections of track. An 
analysis of these diagrams shows that as a 
result of replacing cast iron brake shoes with 
type 6 KB-10 composition ones and with the 
pressure acting on the shoes cut in half 
the braking distance at speeds of from 140 
to 150 km/h is reduced by about 40 


oF 
/O° 


1500 
aN 
£ 1400 
No 


50 100 


150° km/h 
Speed of the diesel locomotive 


Fig. 5. — Curves showing the braking distances 
of a type T9 7 diesel locomotive unit with 
the following brake shoes. 


1) iron (Por.cyl. = \5.6atm.): 
2) of material 6 KB-10 (P br.cyl. = 1.1 atm.). 
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The coefficient of friction for brake shoes 
of the 6 KB-10 material can be determined 
according to the following empirical for- 
mula : 


K + 20 V + 150 
OK = ae en 
4K + 20 2V + 150 


where : 

ex 1s the coefficient of friction; 

K is the force acting on the brake shoe 
in tons; 


V is the speed of the train in kilometre 
per hour. 


Electropneumatic brakes. 


Electropneumatic brakes are already being 
used to a great extent on suburban electric 
trains on the railways of Great Britain, 
the U.S.S.R., Finland, etc. Various designs 
of these brakes are in use, with various 
schematic diagrams, however, they are all 
much better controlled and more effective 
than purely pneumatic brakes, even of 
the newest systems. As regards the use of 
electropneumatic brakes in long-distance 
passenger trains and especially in goods 
trains, in most countries sufficient expe- 
rience has not yet been accumulated. As 
can be seen from a scrutiny of the mate- 
rials received from the various railway 
administrations, the U.S.S.R. railways have 
accumulated the greatest experience in the 
investigation and operation of electropneu- 
matic brakes. 

In this connection we shall consider in 
brief two varieties of electropneumatic 
brakes employed on these railways. 


a) For passenger trains hauled by loco- 
motives. 


The electropneumatic brake is mounted 
on the locomotives and the cars, while re- 
taining the existing pneumatic brake equip- 
ment. In the general system of brake 
equipment of a passenger train the electro- 
pneumatic brake is the main one and the 
pneumatic brake — a reserve one which 
automatically begins to function in case 
of a fault in the electropneumatic system. 
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The following electropneumatic brake 
equipment is installed on a locomo- 
tive (fig. 6): D.C. and A.C. generator 9 
with voltmeter 11 and starting device 13, 
control unit 3, lamp signalling device 8, 
brake valve 26 with controller 12, main 


Fig. 7. — Elect 


switch 14, electric air distributing valve 16, 
repeating relay 28, two line wires in 
tube 21, end two-tube terminal boxes 1, 
middle three-tube terminal box 20, end 
sockets 17, intercar connections 18 with 
plug heads. 

The pneumatic brake equipment of a 
locomotive consists of a compressor deliver- 
ing compressed air into main reservoir 2, 
brake valve 26, connected by pipe 27 to 
main reservoir 2, by pipe 25 to brake 
pipe 23 and by pipe 10 to equalizing reser- 
voir 7, pressure gauge 9 connected to the 
main and the equalizing reservoirs, distri- 
buting valve 19, auxiliary reservoir 4, 
brake cylinders 22 with pressure gauge 6. 

A car is equipped with electric air distri- 


buting valve 16, two electric wires in 
tube 21, end two-tube terminal boxes 1, 
middle three-tube terminal box 20, inter- 
car connections 18, end sockets 17, distri- 
buting valve 19, auxiliary reservoir 15, brake 
cylinder 22 and brake pipe 23. 


4 5 
\ 


3 
J 


1 H (% H 
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ric air distributor. 


All the wires in the locomotives and cars 
are laid in metal tubes. 

The plug heads of intercar connections 18 
are secured in end sockets 17 on the last 
car and on the front buffer beam of the 
locomotive. 

Figure 7 shows a diagram of the electric 
air distributor. It consists of the follow- 
ing units and parts: distributing valve 1, 
working chamber 3, armature 4 of re- 
lease valve OB, valve 5 and core 6 of 
release valve OB, locking electric valve 7, 
armature 8 of application valve TB, hous- 
ing 9, diaphragm 10, exhaust valve 11, 
feeding valve 12, pipe 13, auxiliary reser- 
voir 14, brake cylinder 15, differential 
switching valve 16, brake pipe connec- 
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tion 17. The space above diaphragm 10 
is connected by a duct to the space of 
working chamber 3. 


Operation of Electric Air Distributing 
Valve. 


This valve is designed to charge, apply 
and release the brakes. 


Charging the brakes. — The D.C. tension 
is disconnected from the line. Armature 4 
with the valve of release valve OB and 
armature 8 of application valve TB are 
in their lower position. Air from the brake 
pipe through distributing valve 1, duct 2 
and pipe 13 fills auxiliary reservoir 14, 
the same as with pneumatic brakes. 


Application of brakes. — A D.C. voltage 
of direct polarity (plus to the wire, minus 
to the ground) is fed to the line. The 
current, upon flowing along the coils of 
the release OB and application TB valves 
excites them. Armature 4 is attracted to 
the seat of valve 5, disconnecting the upper 
space above diaphragm 10 from the atmo- 
sphere. Armature 8 is attracted to the 
core and permits air to pass from auxi- 
liary reservoir 14 into the space above 
diaphragm 10. 

Diaphragm 10 bends downward and 
opens valve 12. Air from auxiliary reser- 
voir 4 flows along pipe 13 under valve 12 
into the space under diaphragm 10 and 
shifts the differential valve to the left, 
pressing it against two concentric protru- 
sions, and then passes into brake cylinder 15. 
As the pressures on diaphragm 10 become 
equal it bends upward until valve 12 closes. 

For complete application of the brakes 
the brake valve handle is kept in the appli- 
cation position for 5 sec and more. During 
this interval the air from the reservoir will 
have time to flow over into the brake 
cylinders until the pressure in them is com- 


pletely equalized. 


Lap. — If it is required to apply the 
brakes in several stages, then after keeping 
the brake valve handle for a brief time 
(1 to 2 sec) in the application position the 
handle is transferred to the lap position. 
The magnitude of the braking stages de- 
pends upon the interval during which the 
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brake valve handle was kept in its applica- 
tion position. 

Direct current with a reverse polarity 
(minus to the wire, plus to the ground) is 
fed to the line. Application valve TB 
is not excited, as locking electric valve 7 
does not let a current with such a polarity 
into the coil of application valve TB. Ar- 
mature 8 drops away and closes with its 
valve the access of air from auxiliary reser- 
voir 14 to the space above diaphragm 10. 
Release valve OB remains excited and 
keeps armature 4 attracted. The upper 
space above diaphragm 10 remains discon- 
nected from the atmosphere. 

If any air leaks out of the brake cylin- 
der it is automatically replenished. 

In case of leakage of air, diaphragm 10, 
under the action of the pressure established 
above it, bends downward, opens valve 12 
and air from auxiliary reservoir 14 will 
replenish the brake cylinder. 


The brake cylinders of all the cars of 
the train are charged during the same time, 
regardless of their volume and tightness. 


A constant charging time is attained due 
to the volumes of the working chambers 
and the diameter of the openings in the 
application valves of all the devices being 
identical, therefore the working chambers 
are charged with air in all the cars of the 
train practically simultaneously. 


The opening of valves 12 is automatically 
regulated so that the brake cylinders are 
charged during the same time as is re- 
quired to charge the working chambers and 
the space above diaphragm 10. Thus the 
greater the volume of the brake cylinder, 
the greater the distance over which feeding 
valve 12 will be opened when charging 
brake cylinder 15. ; 


Releasing of brakes. — The feeding of 
direct current to the line is stopped. Ar- 
mature 4 under the action of a spring will 
lower and open the atmosphere openings 
in the seat of valve 5 and in the core 6 
of release valve OB, through which air from 
the space above diaphragm 10 will be releas- 
ed to the atmosphere. 

Diaphragm 10 under the action of the 
pressure from below will bend upward and 
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valve 11 will open the orifice, through 
which air from the brake cylinder is released 
to the atmosphere. 

If the brakes are to be released by stages, 
then the brake valve handle is transferred 
from its release to its lap position. When 


Locomotive 
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position. To obtain several stages of releas- 
ing the brakes the procedure described 
above is repeated the required number of 
times. The duration of complete releas- 
ing of the brakes is determined by the vo- 
lume of the working chamber, as well as 


Cars 


Fig. 8. — Schematic diagram of single-wire electropneumatic brake for goods trains. 


this is done the exhausting of the air to 
the atmosphere from the space above dia- 
phragm 10 will be stopped. 

When the brakes are being released by 
stages and the brake valve handle is in 
its lap position release valve OB will be 
excited and will attract armature 4, which 
will close with its valve the opening in 
the seat of valve 5. 

Air from the brake cylinder will be 
released to the atmosphere until the pres- 
sure in it will drop to that remaining under 
diaphragm 10. At this moment dia- 
phragm 10 will moye downward, valve 11 
will close the orifice and the exhausting 
of the air from the brake cylinder to the 
atmosphere will be stopped. 

The magnitude of the releasing stage de- 
pends upon the time during which the 
brake valve handle is kept in its release 


by the dimensions of the orifice in the 
nipple of valve 5 and constitutes 3.5 to 
45 Sec. 

The duration of releasing, the same as 
that of application, is practically constant 
and does not depend upon the volume and 
the tightness of the brake cylinder. 

This is attained due to automatic adjust- 
ment by diaphragm 10 of the gap between 
valve Il and its seat until the pressure 
under diaphragm 10 and in the _ brake 
cylinder will drop simultaneously with a 
reduction of the pressure above the dia- 
phragm. 


b) Single-wire electropneumatic brake for 
goods trains. 


A schematic diagram of the single-wire 
electropneumatic brake is shown in figure 8. 
The locomotive is provided with D.C. 4 
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and A.C. 5 generators, control unit 6 and 
operating unit 7, brake valve with con- 
troller 3, an emergency valve with two 
windings on coils 12 and 2, lamp signal- 
ling device 8 with three lamps 9, 10 and 11, 
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Fig. 9. — Braking distances of an electric train: 


1) with automatic duty and cast iron phosphorous 
brake shoes; empty and loaded, 6, 12 and 17 tons 
per car; 

2) with composition brake shoes, loaded cars, 17 tons 
each, without automatic duty; ; 

3) with composition brake shoes, empty cars without 


automatic duty; 
4) with composition brake shoes, loaded cars, 17 tons 
each, with automatic duty. 


charging valve 14, electric distributing 
valve 20 with release 19 and application 21 
electromagnetic valves, line wire 15. 

The cars are outfitted with electric dis- 
tributing valves 20, line wire 15, intercar 
connections 16 and, besides this the last 
car is provided with terminal unit 17, signal 
lamps 22 and 23, signalling device 24 
showing that the angle cocks are closed. 
All the devices connected with the brake 
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pipe are designated by the number 1. 
Rails 25 serve as the second wire of the 
train circuit. 

The condition of the electric line is 
controlled by means of alternating current 
from generator 5 with the aid of operat- 
ing unit 7 and terminal unit 17. Alternat- 
ing current with a voltage of 30 to 40 V 
is used for this end. 

As a result of the action of terminal 
unit 17, which is a relay impulse generator, 
the current in the line circuit is modulated 
with low-frequency signals. These signals 
are taken up by locomotive operating 
unit 7. 

When the line is in good order the 
armature of the relay in unit 7, which has 
a release delay that is greater than the inter- 
vals between the impulses created by ter- 
minal unit 17, remains attracted. Through 
its contacts, when the brake valve handle 
is in its release position, current is fed 
to lamp 9 and the winding of coil 2 of 
the emergency valve, and to the winding 
of coil 12 when the brake valve handle 
is in its other positions. If the circuit is 
disrupted (a short circuit or a torn wire), 
upon which the impulse action of terminal 
unit 17 is stopped, the armature and the 
relay of unit 7 drop away, lamp 9 goes 
out and the tension is removed from coils 2 
or 12, as a result of which the emergency 
valve operates and emergency application 
of the air brakes takes place. The same 
happens when the brakes are applied with 
the aid of an emergency application valve 
(emergency stop handle), whereupon as 
a result of the reduction of pressure in the 
brake pipe the contacts in the signalling 
device closing cocks 24 break the circuit 
between line wire 15 and rails 25. 

Upon application of the brakes a direct 
current with a voltage of 150 V with a 
definite polarity (plus to the wire and 
minus to the rails) is fed to the line circuit 
through control unit 6, while in the lap 
position the polarity of the current in the 
circuit is changed (minus to the wire, plus 
to the rails). The action of the brake 
equipment during application and in the 
lap position is the same as in the electro- 
pneumatic brake according to the two-wire 
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diagram for passenger trains with the only 
difference, that during application and in 
the lap position charging valve 14 is excited 
and the brake pipe is charged with com- 
pressed air, the pressure in it being increas- 
ed up to 6.3 to 6.5 atm. Due to this the 
inexhaustibility of the brake action 1s con- 
siderably increased. 
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of railway rolling stock can be expressed as 
follows : 


=UK¢?x = Qk 


where : 

K is the total force acting on the shoes; 
Q, is the brake shoe coefficient of friction; 
Q is the load on the wheels; 


Fig. 10. — Diagram of load automatic duty, 


3) and 7) 


12) pistons; 10) valve; 11) lever; 13) brake cylinder; 14) air distributor; 15) auxiliary reservoir; 16) cut- 
off cock; 17) brake pipe. 


1) plate; 2) plunger); springs; 4) 


Instead of the existing kerosene lamps, 
electric signal lamps 22 and 23 are instal- 
led on the last car, the lamps being sup- 
plied with current from the electropneu- 
matic brake circuit through terminal 
unit 17. Thus simultaneously with the 
introduction of electropneumatic brakes on 
goods trains the problem of improving the 
illumination of the rear end signal lamps 
is solved. 


Freight train automatic load 
compensating brake. 


The basic condition for efficient braking 


stop; 


5) damper piston; 6) body; 8) orifice; 9) and 


vx is the coefficient of adhesion of the 
wheels with the rails. 


The braking force of a pair of wheels 
XK¢xK should approximate the force of 
adhesion of the wheels with the rails QUx. 


With a given value of @x the braking 
force becomes a function of the weight Q. 
From this it follows that the optimum brake 
duty should be ensured by a constant spe- 


cific braking force over the whole carload 
range. 


The load brake duties that are being 
used at present are far from complying with 
this condition. They are characterized by 
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Sharp fluctuations in the braking force at 
various degrees of loading the car, which 
are accompanied by a loss of efficiency or 
a danger of slipping of the wheels. Besides 
this change over of the duty by hand 
leads to instances of improper setting of the 
brakes and requires great attention on the 
part of the servicing staff. 

A constant specific braking force for va- 
rious loading of a car can be ensured 
automatically by means of a device called 
a freight train automatic load compen- 
sating brake. Its use solves several prac- 
tical problems, viz., makes it possible to 
considerably increase the braking force of 
cars, improves the control of the brakes, 
reduces the longitudinal dynamic forces 
acting during application, reduces instances 
of wheel slipping, replaces manual chang- 
ing of brake duty with automatic control. 

The employment of automatic brake po- 
wer control on goods cars permits running 
trains at a speed of 100 km/h down a 
1 °/oo (1 in 1000) grade, it being possible to 
come to a stop over a distance of up to 
1000 m. The employment of automatic 
control on electric trains considerably re- 
duces the braking distance (fig. 9). 

The design and action of the automatic 
load compensating brake consists in the fol- 
lowing (fig. 10). On the frame of the car 
body there is located housing 6 of the 
control unit, while the side members of the 
bogie carry supporting plate 1, which is in 
contact with plunger 2. The braking duty 
is established by means of damper piston 5 
depending upon the statical deflection of 
the springs, which depends in turn upon 
the load in the car. 

When the car is empty piston 5 under 
the action of spring 7 occupies the lowest 
position in the cylinder. Loading of the 
car causes the piston to rise under the 
action of spring 3. As stop 4 is connected 
with the piston, movement of the latter 
changes the ratio of the arms of lever 11. 
This change of the arms by means of an 
air relay creates a pressure of the air in 
brake cylinder 13 that is in proportion 
to the weight of the car. During applica- 
tion the air flows from distributing valve 14 
into the brake cylinder until the system of 
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pistons 9, 12 and lever 11 is equalized, 
when valve 10 will close. 

The dynamic oscillations of the car body 
and bogies that arise in motion have prac- 
tically no influence on the proper setting 
of the brake duty. This is explained by 
the fact that during the action of springs 3 
and 7 on piston 5 the air does not have 
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Fig. 11. — Oscillogram of the dynamic fluc- 
tuations of the air pressure in a brake cylin- 
der with time at a car speed of 80 km/h. 

1) fluctuations of car body; 

2) fluctuations of piston 5 (fig. 10); 


3) pressure in brake cylinder; 
4) time marks. 


time to flow from one space of the cy- 
linder to the other one through orifice 8. 
In this instance an insignificant movement 
of the piston (fig. 11) is sufficient to make 
the compression and rarefication created 
thereupon in the cylinders counteract the 
force of one or the other of the springs. 

The automatic load compensating brake 
for electric trains differs only in the dia- 
gram of the air-relay. 

At present the automatic load compensat- 
ing brake equipment is being tested in 
operation and has been prepared for mass 
production for installation on goods ve- 
hicles and electric trains. 


The problem of longitudinal dynamic 
forces when applying brakes to long 
goods trains. 


With an increase in the length and 
weight of goods trains the longitudinal dy- 
namic forces in the intercar connections 
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grow as a result of a certain non-uniformity 
in the action of the brakes when the brake 
cylinders are being filled. The longitu- 
dinal forces in a train also depend upon 
the presence of gaps in the couplers of the 
cars and in trains weighing from 6000 to 
8 000 tons consisting of from 75 to 100 bogie 
cars they can be very considerable and cause 
damage to the rolling stock. 

In this connection during recent years 
on a number of railways the problem has 
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slack adjusters. The rods protruded from 
95 to 115 mm. When preparing the 
train for the tests the free gaps in the 
automatic couplers between all the cars 
were measured. The average gap per 
one intercar connection constituted 43 mm. 
A type BJI-23M electric locomotive and a 
type [9-3 diesel locomotive, equipped with 
a brake valve, conditional No. 222 and 


type MT 3-135 air distributors, were em- 
ployed for hauling the train. 


D, Do D3 vay, Ds Ds D, Dg Dg P ECyos bio 
bc, Peep Frog Pece "bes Free Vey Fees "0g Rew Ty 
t 
Pep, 2 
Fig. 12. — Layout of the test train set, weight 7 000 tons. 
1) electric locomotive type BJI-23; I-X - places of location of measuring devices (sections 
. . in of train). 
eyitie) cicsel lopemeane raga 1) A; — A3 — dynamometric automatic couplers; 
3) ten gondola cars; a 4 f 
2) Pu, — Pu,, — pressure gauges transmitters for 
4) laboratory car; measuring the pressures in the brake cylinders; 
5) nine gondola cars; 3) Pm, — PMs — Pressure gauges — transmitters for 
6) five gondola cars; measuring the pressures in the brake pipe; 
7) laboratory car; 4) T,, — brake type relay; 
8) van with power plant. 5) t, and t,, — time recorders. 


arisen of developing various engineering 
solutions to improve the smoothness of 
brake application in long trains, and there- 
fore the necessity of experimental investiga- 
tion of the longitudinal stresses in trains 
upon application of the brakes. Let us 
consider, for example, some results of 
investigations carried out on the railways 
(oye {uluke) WIS SARS 

In 1960, the All-Union Scientific Research 
Railway ‘Transport Institute together with 
the Dniepropetrovsk Institute of Railway 
Engineers carried out comparative test of 
cast iron and composition brake shoes in 
a train weighing 7000 tons on an experi- 
mental circular track. 

The test train was made up of 84 load- 
ed bogie cars with hand brake platforms, 


two laboratory cars and one bogie yan 
containing a power plant (fig. 12). The 
length of the train was 1000 m. All 


the cars were equipped with distributing 
valves, conditional No. 270-002 and brake 


The longitudinal stresses appearing upon 
application of the brakes were measured 
at nine sections, strengthened automatic 
couplers equipped with wire transmitters 
being used as dynamometers. These cou- 
plers differed from the standard ones in 
having thickened shank walls and were 
manufactured of special grade I JI-27 heat- 
treated steel, which ensured the recording 
of stresses up to 300 tons without any 
yielding of the steel being noted. 

Recesses 80 X 50 mm in size and 3 mm 
deep were milled in all the surfaces of 
the coupler shanks to contain the trans- 
mitters and protect them against mechanical 
damage. The working transmitters with 
a resistance of 200 ohms and a base of 
20 mm were glued in these recesses along 
the coupler axis. At right angles to these 
transmitters similar ones were glued on 
to compensate for the influence of changes 
in temperature. To exclude the influence 
of any possible bends of the couplers the 
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working transmitters of opposing surfaces 
were connected in parallel to one of the 
arms of the measuring half-bridge. The 
working transmitters of adjacent surfaces 
were connected to this arm in series. The 
compensating transmitters were connected 
in the same way to the second arm of the 
half-bridge (fig. 13). Due to such a series- 
parallel connection of the transmitters the 
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the calibrated tensile force up to 300 tons 
the couplers showed a linear relationship 
and after the load was removed the read- 
ings of the amplifier returned to zero. As 
a result of this calibration the characteristics 
of the shunt required for ensuring the pro- 
per scale when recording the longitudinal 
stresses in a train when transferring to a 
multi-channel dynamic amplifier were de- 


ZO amplifier 


Fig. 13. — Diagram showing how transmitters of measuring half-bridge 
of automatic couplers —- dynamometers were connected. 
A,, A,, A, and A, — active transmitters; 
K,, K,, K, and K, — compensating transmitters. 


arms of the measuring half-bridge had a 
resistance of 200 ohms. 

The recesses in the side surfaces of the 
coupler shank containing the transmitters 
were filled with a plastic material for in- 
sulation. The wires from the transmitter 
terminals were passed through drilled holes 
into the coupler and were connected to a 
panel located on the strengthening ribs 
of the large tooth of the coupler head. The 
terminal panel made of textolite, to which 
the screened wires to the coupler trans- 
mitters were connected, together with a 
rubber gasket was secured to the coupler 
body. This panel was closed with a metal 
lid to prevent any moisture or foreign 
particles penetrating inside. 

The automatic couplers equipped in this 
manner were calibrated on a press before 
the tests with the aid of a single-channel 
static amplifier. Along the whole range of 


termined a resistance of 100 ohms cor- 
responded to a force for various couplers 
of 200 to 220 tons. 

The automatic couplers — dynamometers 
were installed on a car at those sections 
in the train where it was required to 
measure the longitudinal stresses (fig. 12). 

Both arms of the half-bridge of each 
coupler-dynamometer were connected by a 
screened wire to the channel of the am- 
plifier, in which there was installed a 
second half-bridge consisting of similar wire 
transmitters, and thence were connected to 
the loop of an oscillograph. 

For recording the pressure of the air in 
the brake pipe and cylinders on oscillo- 
graphs rheochord manometric transmitters 
were used, the signals from which were 
directly fed to the oscillograph loop with- 
out amplification. 

The measuring apparatus was supplied 


848/14 


with current from a power plant located in 
a special van. 

In the laboratory car located the thirty- 
first from the head of the train there were 
recorded on a type 0C-60 oscillograph the 
longitudinal stresses and the changes in 
the brake cylinder pressure for the six 
test sections in the head part of the train, 
the pressure of the air in the brake pipe 
of the first car, with the time being record- 
ed every second. 

In the laboratory car located at the rear 
of the train in front of the power-plant 
van there were recorded on a type CP-5 
oscillograph the longitudinal stresses and 
the brake cylinder pressure for sections VII, 
VIII and IX, the pressure of the air in 
the brake pipe and brake cylinder of the 
eighty-fifth car, the kind of brakes and the 
time. Besides the oscillograph records the 
work of the air distributors of cars 85 
and 86 was recorded with the aid of an 
indicator apparatus. During the tests the 
initial speed of application and the brak- 
ing distance were recorded. 


The iron brake shoes were tested with 
all the brakes regulated to load duty, while 
for the composition shoes the air distribu- 
tors were regulated to their empty and 
intermediate duties, the pressure of the 
composition shoes being 3.0 tons per axle 
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for empty duty and 5.4 tons for interme- 
diate duty, which approximately correspond- 
ed to the calculated ratings for adhesion 
(Table 1). 

During each cycle of tests complete ser- 
vice and emergency applications were car- 
ried out from the locomotive and applica- 
tions by opening the emergency stop handle 
on the last car were carried out from speeds 
of 80, 70, 50, 30 and 10 km/h. 

Figure 14 shows an oscillogram for emer- 
gency application of the brakes from a 
speed of 70 km/h. Before beginning this 
test the controller was switched off and 
the train brakes were simultaneously ac- 
tuated. At the beginning of application 
the train was stretched out and the gaps 
in the couplers were open. As a result, 
as can be seen from the oscillogram, during 
application the cars ran into each other 
at certain speeds and a number of shocks 
resulted that passed along the train. 


An analysis of the application oscillo- 
grams shows that the nature of the lon- 
gitudinal stresses with composition brake 
shoes is the same as with cast iron shoes, viz., 
during application of the brakes from the 
locomotive compressing stresses are created 
in the train, while when the emergency stop 
handle at the rear of the train is used ten- 
sile stresses are created. The distribution 


TABLE 1. 


Pressure 
in brake 
cylinder 

in atm. 

at speed 
km/h, of : 


Type of brake shoe 


10 | 40-80 


Cast iron brake shoes, load duty 
Composition shoes, empty duty 


Composition shoes, 
intermediate duty 


Actual force 


3.0 4.0 


Friction 
coefficient 
of brake shoes 
at speed 
km/h, 


Specific 
on brake 
shoe 
in tons 
at speed 


km/h, of : eve © 


10 | 40-80] 10 40 80 


0.191 | 0.110 | 0.085 


1.5 | 0.350 | 0.300 | 0.270 


2.7 | 0.342 | 0.268 | 0.240 
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1) 


10) 
1) 


14. Oscillogram of emergency brake 


application at speed of 70 km/h. 


longitudinal stress between diesel locomotive and 
first car (section I); 

stress between 10th and 11th cars 
stress between 20th and 21st cars 
stress between 31st and 32nd cars 
stress between 40th and 41st cars (section 
stress between 50th and Sist cars (section 
pressure drop in brake pipe of first car; 
charging of brake cylinder of first car; 
charging of brake cylinder of 11th car; 
charging of brake cylinder of 21st car; 
charging of brake cylinder of 30th car; 


(section 
(section 
(section 
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of the longitudinal stresses along the length 


of the train also remained unchanged 
(fig. 15). In both instances the places 
where the maximum stresses are observed 


are sections VII and VIII, i.e. the last third 
of the train. 


As regards the magnitude of the stresses, 
decoding of the oscillograms showed thav 
in a train with composite brake shoes when 
empty brake duty is employed they are 
less than for load duty with iron shoes 
(Table 2). The maximum values of the 
longitudinal stresses in the first instance 
equalled 130 tons, in the second instance 
160 tons. At a speed of 80 km/h the 
stresses in both instances equalled 100 tons. 
When the distributing valves were regulat- 
ed to intermediate duty the longitudinal 
stresses for composite shoes increased so- 
mewhat — at low speeds it equalled 135 
to 145 tons and at speeds of 70 to 
80 km/h — 100 to 110 tons. 


Figure 16 contains graphs of the maxi- 
mum longitudinal stresses depending upon 
the initial speed at which the brakes were 
applied for various types of brake shoes, 
which show the special features of applica- 
tion of brakes when using composite brake 
shoes. When regulated for empty duty, 
while having the same efficiency as iron 
brake shoes, the composite shoes at all 
the speed ranges from 10 to 80 km/h 
ensure a higher smoothness of application, 
while when regulated for intermediate duty 
the composite brake shoes have a greater 
efficiency than their iron counterparts, and 
smoother application is ensured in the 
range of low speeds from 10 to 40 km/h, 
which is explained by a more uniform 
change in the specific braking force with 
a reduction in speed and by lower braking 


12) 
13) 
14) 
15) 


charging of brake cylinder of 41st car; 

charging of brake cylinder of Sist car; 

recording of time every second in laboratory car; 
longitudinal stress between 55th and 56th cars 
(section VII); 

stress between 65th and 66th cars (section VIII); 
stress between 75th and 76th cars (section IX); 
pressure drop in brake pipe of 85th car; 

charging of brake cylinder of 56th car; 
charging of brake cylinder of 66th car; 

charging of brake cylinder of 76th car; 
charging of brake cylinder of 85th car; 

brake mark; 

recording of time every second in laboratory car. 


16) 
17) 
18) 
19) 
20) 
21) 
22) 
23) 
24) 


TABLE. 2: 


Type of brake shoes Speed, Average (numerator) and maximum (denominator) 
and brake duty km/h compression stresses in tons by section of train 


50 60) 65) 70) aor 80 90m SeOO 


iy 55 70 75 80 85 90 100 80 75 

50° ™"60F “0m ist SOmeessen 90) aS0a [60 

a 55 15 80 35, 9890 100 105 90 80 

Cast iron brake shoes, load duty 55° "65-75 =65 690 "95" 100" “90 ~ "65 
e 60) 580" *85 °° 90) 100 > 110 Wins" 100 Ras5 

60)... 70), 280... 90, 100, 110. ALS ont10.. wo 

mn 65 85 90 100 110 120 135 120 90 

60 70 90 100 110 125 140 120 80 

a 70 90 100 120 140 150 160 140 100 

3006355. 140 “60 70 ; S50 80) ar60 

- 40 50 60 70 80 90 [00 Sees to5 

30° 35° "45" 60 70 85" SU aero 65 

4 40 50 60 70 80 90 105 S0NF70 

Composition shoes, empty duty 35:,, 40. 50 60. Fp 90% S55. 80, 
+ 40 50 60 70 80 100 110 95 80 

: 35°" 45""'S>" 63 30" 105) 108" Ss 750 

= 40 50 60 70 90 120 110 100. 85 

fe 49" 50.60, 70 SOS 10100 56 

50 60 70 80 100 130 120 110 100 

j ; a 30. =—40 : 50 560 | 70 80 D3 ne 90. GS 
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e 30°" 40" 90" "6S 75 90 aos) 5h 70 

Composition shoes, ae a et, Neeke Ok Ree 
intermediate duty moe a es ih TS SeLOO 105) 100 aa 
‘i 50 60 75 80 90 110 120 115 90 

“ ss 50 ios" 00" = SOs TtO te IOC S35 
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forces of the composite shoes at low initial 
speeds of application. 

In this connection when composite shoes 
are employed the general level of the lon- 


R tons 


Fig. 15. — Graph showing distribution of 
longitudinal stresses along length of train 
upon emergency application of brakes. 


1) iron brake shoes; 
2) composite brake shoes. 


gitudinal stresses is lowered, as the stresses 
at low speeds, which are the maximum 
ones, are the ones used in calculation of 
the strength of cars. Besides this a reduc- 
tion in the longitudinal stresses at low 
speeds is also important when taking into 
account that under operating conditions 
most of the complete applications of brakes 
take place at low speeds when stopping at 
stations or signals. 

It should be noted that a certain reduc- 
tion of the specific braking force in the low 
speed range, which has a favourable in- 
fluence on the longitudinal dynamics of a 
train, does not have any noticeable negative 
influence on the total length of the brak- 
ing distance as a result of the considerable 
reduction of the braking distances in the 
high speed range. 

Figure 17 shows graphs of the relation- 
ship between the braking distance and the 
speed for various types of brake shoes. 
When composite shoes are regulated to 
empty duty and iron shoes to load duty 
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the braking distances are practically the 
same. When the composite shoes are set 
to intermediate duty the braking distances 
at speeds of 70 to 80 km/h were reduced 
by 15 to 20 %, this reduction being greater 
with a further increase in speed. 
Therefore composite brake shoes of the 
type 6 KB-10 material, which have a high 
braking efficiency, do not cause any no- 
ticeable increase in the longitudinal stresses 
in long trains. When applying the brakes 
at high initial speeds the stresses do not 
exceed the tolerated values, while for low 
initial speeds the level of the stresses is 
lower than in trains with iron brake shoes. 
Thus it was ascertained that in respect to 
the requirements regarding the tolerated 
level of longitudinal dynamic stresses the 
composite brake shoes are also quite satis- 
factory for goods trains weighing about 
7000 tons. In the future composite brake 
shoes combined with electropneumatic con- 


o 20 40 60 &0 


40 
80 
120 
1/60 
R tons 
Fig. 16. — Relationship of maximum longitu- 


dinal stresses to speed for various types of 
brake shoes. 

1) cast iron shoes (pressure 34 %); 

2) composition shoes (pressure 26 %); 

3) composition shoes (pressure 15 %). 
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trol of goods train brakes may be used as 
a powerful means of increasing the brak- 
ing efficiency of goods rolling stock without 


(7) 
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Ss 
S 
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Braking des v 
8 
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10 20 30 40 50 60 70 80 
Speed (km/h) 
Fig. 17. — Relationship of braking distance 


to speed for various types of brake shoes 
for 7000 ton train. 


1) cast iron shoes with pressure coefficient of 34 %; 
2) composition 


shoes with pressure coefficient of 
15 %; 

3) composition shoes with pressure coefficient of 
26 %. 


any limits in respect to. the maximum speed 
and the length of trains. 

When similar tests were carried out with 
electropneumatic control of the automatic 
brakes it was found that the level of the 
maximum longitudinal dynamic stresses was 
reduced several times and did not exceed 50 
to 60 tons under the most unfavourable ¢on- 
ditions of applying the brakes in a goods 
train weighing 7500 to 8000 tons. 

There are also certain reserves for reduc- 
ing the level of the longitudinal dynamic 
stresses when applying the brakes as a 
result of selecting the optimal indicator dia- 
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gram of the brake cylinder refilling indica- 
tor diagram when pneumatic brake control 
is used. To a certain degree this problem 
is solved by means of the three-stage 
diagram used in the AB type of distributing 
valve being employed on the U.S.A. rail- 
ways and in the air distributor cond. 
No. 135 being employed on the U.S.S.R. 
railways (fig. 18). 

Recently on the railways of the U.S.S.R. 
air distributors, given the conditional num- 
ber 270-002, have begun to be employed 
in goods vehicles. The brake cylinder 
refilling indicator diagrams during emer- 
gency application of the brakes for the 
first and the hundredth car of a goods train 
are shown in figure 19. 

When applying the brakes to long goods 
trains equipped with the distributing valves 
of conditional No. 270-002 the magnitude 
of the longitudinal dynamic stresses is no- 
ticeably reduced. 


The results of investigating the adhe- 
sion of the wheels to the rails during 
application of the brakes. 


As is well-known, the force of adhesion 
of the wheels to the rails is a factor limit- 
ing the maximum braking force of railway 
rolling stock. On one hand when designing 
and operating brake systems it is necessary 


Fat 


6 

4 

2 

0 t Sec. 
4 8 12 16 20 24 

Fig. 18. — Diagram of emergency application 


of brakes in train 1200 m long with air 
distributors, cond. W135. 


1) pressure of air in brake pipe of first Gur 
2) pressure of air in brake pipe of last car; 
3) pressure of air in brake cylinder of first car: 
4) pressure of air in brake cylinder of last car. 
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to comply without fail with the condition 
that the braking force should not be greater 
than the possible force of adhesion of the 
wheels to the rails to avoid wedging of 


4 8 12 46 20 24 


Fig. 19. — Diagram of emergency application 
of brakes with two-stage refilling of 
brake cylinder (with air distributors, cond. 
W 270-002). 

1) pressure of air in brake pipe of first car; 

2) pressure of air in brake pipe of last car; 


3) pressure of air in brake cylinder of first car; 
4) pressure of air in brake cylinder of last car. 


the wheels upon application of the brakes 
and all the harmful results connected with 
this. On the other hand with an increase 
in the speed of trains the braking force of 
a train must be increased as much as pos- 
sible, using to the utmost the force of 
adhesion of the wheels to the rails. 
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In the practice of the absolute majority 
of railways the force of the adhesion of 
the wheels to the rails that may be utilized 
is estimated by the magnitude of the so- 
called coefficient of adhesion of the wheels 
to the rails. From an analysis of the ma- 
terials received from the various railway 
administrations, it can be seen that the 
rated values of this coefficient of adhesion 
used by the various railways greatly differ 
from each other. Besides this on a number 
of railways no strict difference is made 
between the values of the coefficient of 
adhesion when hauling trains and when 
applying the brakes. In fact there should 
be various rated values of the coefficient of 
adhesion for traction and for brake applica- 
tion duties. 


To define more precisely the values of 
the coefficient of adhesion of the wheels 
to the rails that can be realized when 
applying the brakes the U.S.S.R. railways 
during the last few years have carried out 
a great number of experiments with various 
rolling stock and under various conditions 
of the surface of the rails in winter and 
summer operating conditions. ‘These tests 
were performed in a train consisting of a 
goods wagon (gondola) or a passenger all- 
steel car and a car for testing automatic 
brakes. The coefficient of adhesion was 
determined on the basis of data obtained 
when the test train was uncoupled from 


Fig. 20. — Location of deflection gauge and wheel speed 


transmitter on Car. 
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the locomotive at various initial speeds 
from V = 120 to V = 10 km/h. The é — 
brakes of the goods or passenger car were 
applied from the brake testing car with 
the aid of a triple valve directly connect- 
ing the brake cylinder of the car being 
tested to the compressed air reservoirs. The 
pressure on the brake shoes was selected 
in such a way as to call forth seizing of 
the wheels. The moment of sliding was 
fixed on the film of an oscillograph with 
the aid of electric apparatus and special 
devices mounted in the axle boxes of all 
the experimental cars (fig. 20). Figure 21 
shows an oscillogram of the movement of 
the car wheels during the tests. On this 
oscillogram it can be seen how the third 
wheel set of a bogie car during applica- 
tion of the brakes normally revolved, while 


) recording of time; 
3) recording of motion of 4th set of wheels; 


2 
4) recording of motion of 3rd set of wheels. 


third and rolling and sliding of the fourth set of wheels. 


2a 
the fourth set changed its speed, began to 33 
slide and then, when the brakes were re- at 
leased, again began to revolve. For complex Sm 
appraisal of the loading and unloading of 32 
the wheels when the brakes were applied 5" 
the front and rear bogies of the gondola Ss 
car were equipped with deflection gauges, a 
which recorded on the film of the oscillo- eS 
graph the changes in the deflections of the res By 
spring sets at various speeds and_ loads Ae 
of the car. Fae 
A diagram of the deflection gauge of a VEE 
bogie spring set is shown in figure 22. $33 
According to the readings of the deflec- P85 
tion gauge the deflection of the spring all 


set f (mm) is determined, while if its rigi- 
dity « R » (kg per mm) is known it is 
easy to determine the unloading or over- 
loading of the set of wheels during applica- 
tion of the brakes according to the for- 
mula A.OV=S 7 3@ R (ke). ; 

The value of the coefficient of adhesion 
was determined according to the known 
value of the brake shoe coefficient of fric- 
tion at the moment when the wheels of 
the gondola car became wedging. After this 


‘lL revolve = 3 m. 


1/8 révolve of 


— Oscillogram of motion of gondola car with rolling of the 


A. Process wedging of 4th set of wheels. 


a) transition from rolling motion to sliding, 


the critical maximum value of the coeffi- : 
cient of adhesion of the wheels to the rails = 
during application of the brakes was de- 
termined according to the formula: § 
7 URY, = 5 
vk = ea Of 7 

Q+aQ tb 


after wedoing — V — dA2 km/h (during annlicatinn af hrakeac) 


1. ast Af atkeala — VF <— £4 tro s/h 


1) zero line; 


b) sliding; 
. aa ey oe eee ee a a ae ae ee 
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where : 


XK is the critical sum of the brake shoe 
pressures on a set of wheels in tons, 
at which sliding begins; 

is the coefficient of friction of the 
shoes at the moment when the wheels 
become wedged; 


OK 


steel plank 


rheostatl eee 


truck frame\, 
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ployed. 
YK 


The results of tests for determining the 
coefficients of adhesion of the wheels to 
the rails during application of the brakes 
under various operating conditions have 
shown that the value of Ux depends in 


At low speeds up to 40 km/h 
is taken equal to 0.14. 


Qscillograph vibra lor 
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Setting scheme Slexure electric measurement 
instrument for determination size flexure of 


the truck spring set. 


Fig. 22. Diagram 


of installation of electric measuring instruments 


for determining dimensions. 


Q is the weight of the load and the car 
in tons per set (pair) of wheels; 


is the unloading or overloading of 
the set of wheels as the result of the 
action of the brake, in tons. 


AQ 


On the basis of these tests, values of the 
coefficient of adhesion of the wheels to 
the rails upon application of the brakes 
ranging from x 0.09 to 0.10 were 
recommended on the _ railways of the 
U.S.S.R. for calculations. When determin- 
ing the braking efficiency of cars with a 
load per axle exceeding 10 tons the value 
of dx = 0.09 should be used, while for 
cars with a load per axle up to 10 tons 
the value of Ux 0.10 should be em- 


the main upon the condition of the surface 
of the rails, the load of the wheels on the 
rails, the speed, the material of which the 
brake shoes are made, the duration of 
contact of the wheels with the rails and 
the wear of the wheels. 


Electric braking. 


As can be seen from an analysis of the 
communications received from the various 
railway administrations, during the last few 
years certain attention has been paid to 
the use of electric braking of locomotives 
and multiple-unit trains. 

Electric braking is accomplished by re- 
verse excitation of the locomotive or motor 
car traction motors. 
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Three varieties of electric braking are 
employed : 

1) rheostat (on diesel-electric locomo- 
tives); 

2) recuperative (on electric locomotives); 


3) recuperative rheostat (on multiple-unit 
trains). 

In all instances electric braking is addi- 
tional to the main friction brake that en- 
sures safe running and serves to regulate 
the speed of the train. As experience 
obtained in operation has shown, the use of 
electric braking of trains leads to con- 
siderable economy as the result of reduced 
wear of the brake shoes, on one hand, and 
by permitting to increase the average speed 
of trains on long inclines on the other 
hand. In the latter instance the con- 
siderable change of the speed from its 
maximum tolerated value to the minimum 
one, determined by the conditions for releas- 
ing and charging the brakes, is absent. 
Electric recuperative braking, besides the 
economy indicated above, leads to additional 
economy which is the result of returning 
to the contact system the power generated 
by the traction motors when braking. 


During recent years there have begun 
to appear combinations of rheostat and 
recuperative electric braking. This way 
of braking, for instance, is employed on 
certain types of miultiple-unit trains on 
the U.S.S.R. railways. In this instance the 
train is braked with recuperation of the 
power at speeds from 130 to 50 km/h. At 
speeds below 50 km/h the brake is auto- 
matically switched over to rheostat braking, 
while before the train stops, at a speed 
of about 7 to 10 km/h, the friction brake 
with electropneumatic control is switched 
on. As practical experience obtained on 
a number of railways has shown, the em- 
ployment of electric braking on locomo- 
tives and multiple-unit trains is a very 
profitable undertaking. 

Even rheostat electric braking, as cal- 
culations and the practical experience of 
a number of railways have shown, is an 
economically profitable undertaking and is 
already widely used on diesel-electric loco- 
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motives (U.S.A.), A.C. electric locomotives 
(Japan), etc. As the results of calculations 
and experiments on the U.S.S.R. railways 
have shown, the optimum power of the 


Br 
— 
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Fig. 23. — Characteristics when employing 
rheostat brakes. 


brake rheostat should be approximately 
equal to the one-hour power rating of 
the given locomotive. For example, for 
the type H60 A.C. electric locomotive the 
required power of the rheostat braking is 
determined as equal to 4000 kW, which 
requires a weight of the brake resistances 
of about 2000 kg. 


For this type of A.C. electric locomotive 
there have been worked out optimum 
characteristics of rheostat brake use for 
various ways of braking (fig. 23). 

In figure 23 curve A§ characterizes the 
limiting of the braking force by the power 


of the brake resistance, curve OC — by 
the heating of the main poles of the trac- 
tion motors, and curve DE — by the adhe- 


sion of the wheels to the rails. 

For braking to a full stop one charac- 
teristic CD, is provided with complete 
use of the brake resistance power. In this 
specific instance the limit depending upon 
adhesion is higher than the maximum brak- 
ing force. 

During speed regulating braking on an 
down grade the braking force changes along 
one of the lines O§, which fill without 
interruption the whole field of possible 
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speeds on the down grade for the given 
electric locomotive. 

The driver sets the speed desired and 
the system ensures intensive increasing of 
the braking force when this speed is reach- 
ed. If the down grade is too great and 
the braking force for maintaining the re- 
quired speed down it should be greater 
than that possible according to limiting A6, 
then the system is automatically switched 
over the A§ with simultaneous switching 
on of the friction brakes of the whole 
train. Upon restoration (with the prac 
tically possible tolerances depending upon 
the type of train brakes) the system is again 
returned to the characteristic O6. 


The problem of automation 
of brake system control. 


During the last few years on separate 
railways there are being carried out experi- 
mental investigations of automatic train 
control with the aid of special apparatus, 
without any driver. 


Thus, for example, information is con- 
tained in the magazine « Railway Age » 
for October 17th, 1960, on the results of 
tests of an automatic train on the New 
York subway. 


Such a train consisting of three cars 
was tested for several months on a section 
of the subway 823 m long. 


The movement of the train, which runs 
between two stations, is controlled by means 
of alternating current with a_ frequency 
of 100 cps, which is coded in various ways 
on various sections of the track, when there 
is a train at the first station, the equip- 
ment of the second station sends through 
the rails a current with code 270 (270 im- 
pulses per min with the frequency being 
100 cps). Upon receiving the code the 
receiving device of the head car switches 
on the devices that start the train. Having 
attained a speed of 47 km/h the train con- 
tinues to proceed at this speed. 

At a certain distance from the second 
station the train passes over an insulated 
section of track. Here it receives code 180, 
after which it slows down to 5 m.p.h. ‘Then 
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the train passes over the next insulated 
section, where it receives the code 0 and 
stops within a distance of 1.5 m from the 
predetermined point. After the train has 
stopped a current with the code 75 is fed 
to the wire loop lying between the rails 
and the doors of the cars open. The head 
signals change to tail ones, and_ vice 
versa. The name of the point of desti- 
nation also changes. ‘Then an automatic 
dispatcher device at the second station 
actuates the apparatus, which after one 
minute from the moment of opening the 
doors switches off code 75, as a result 
of which the doors will close and the 
brakes will be disengaged. The equip- 
ment located at the first station sends a 
current with the code 270 along the rails, 
which is picked up by the receivers mount- 
ed on the first car (previously it was the 
last one). The train is accelerated up to 
a speed of 47 km/h, at which it returns 
to the first station. 

All the equipment is provided with safety 
devices. If any unforeseen incidents occur 
when the train is in motion, for instance 
a too great increase in the speed, a com- 
pensating device will reduce it to the nor- 
mal value. If the regulating device fails 
the train will be deprived of current and 


will stop. In case of a faulty track, 
brakes, etc., the train will remain at the 
station. 


On the U.S.S.R. railways there are being 
tested devices for the automatic control of 
multiple-unit trains consisting of ten cars 
on surface railways. In this instance a spe- 
cial device in the form of a calculating 
and analyzing machine controls the move- 
ment of the train according to a_prede- 
termined schedule with planned stops. 

For such trains, especially with frequent 
stops at precisely predetermined spots, the 
brake system must comply with more strict 
requirements. 

Firstly, it is necessary to have a possibility 
of ensuring accurate and rapid reaction 
of the brake system to the initial command 
received from the automatic driver. 

Secondly, the brake system should ensure 
identical braking efficiency with various 
changing loads of the train, to ensure stop- 


858/24 
ping of the train exactly at the required 
spot at any initial speeds during applica- 


tion of the brakes. 

These requirements are most completely 
met by electropneumatic brakes combined 
with the automatic regulators of the pres- 
sure on the brake shoes depending upon 
the load of the cars that have been des- 
cribed above. 


Brief characteristics of the state of auto- 
matic brake equipment on the rail- 
ways. 


As a result of becoming acquainted with 
the communications received from the va- 
rious railway administrations several ge- 
neralized characteristics of the automatic 
brake equipment in operation may _ be 
given. 

On the absolute majority of railways, 
brakes with cast iron brake shoes are used 
with a maximum pressure of about 75 to 
85 % of the light weight of passenger 
cars, 65 to 70 % of the light weight of 
empty goods vehicles and about 40 % 
of the weight of a loaded goods vehicle. 


Most of the railways employ brakes with 
pneumatic control, the charging pressure 
in the train pipe being 5 kg per sq. cm, 
while a considerably smaller number use 
the more cumbrous and less efficient va- 
cuum. brakes. 


The air distributors are the main part 
of the brake system, and a great variety 
of them, differing both in design and in 
the way of operation, including distributors 
only releasing action by stages or only in 
one stage, are met on the railways. 

It should be noted that railways operat- 
ing long trains prefer distributors with 
releasing in one stage, while railways hav- 
ing steep and long down grades prefer 


distributors with releasing of the brakes 
by stages. 
In the new distributors for goods 


trains being employed on the railways (for 
example on the U.S.S.R. railways) two du- 
ties are provided for their action: a) moun- 
tain duty with releasing of the brakes by 
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stages; b) plain duty with releasing in one 
stage. : 

klectropneumatic brakes are used mainly 
on suburban multiple-unit trains and only 
partly on long-distance passenger trains. In 
goods trains only test specimens are being 
used. 

On a number of railways (Australia, Great 
Britain, the U.S.S.R., the U.S.A.,  Fin- 
land, etc.), there are being used to a con- 
siderable extent non-metallic brakes shoes 
with an increased coefficient of friction that 
only slightly depends upon the speed, and 
with lightened brake systems. 

On various railways, compressor units are 
being used that differ from each other in 
their specifications, and information has 
been received on instances of an _unsatis- 
factory quality of the compressed air in the 
brake pipes, when the air contained too 
much moisture and was contaminated with 
particles of compressor oil. 

To ensure normal functioning of the 
brake systems the compressed air fed into 
the train pipe should be thoroughly clean- 
ed of particles of oil and other substances, 
while its relative humidity should not ex- 
ceed 80 to 85 %. When the humidity of 
the air is greater there may be instances 
when condensate precipitates if the tem- 
perature of the air drops by 1 to 2°C as 
a result of its throttling when passing 
through narrow orifices in the brake equip- 
ment. [he condensate that has precipitat- 
ed from the air, especially in winter opera- 
tion conditions, may choke strictly calibrat- 
ed openings in the automatic brake equip- 
ment. which may lead to its improper func- 
tioning. 

Besides this the appearance of condensate 
in the train pipe causes corrosion of the 
latter with all the unpleasant results that 
ensue, 

To dry the air fed to the train pipe the 
following should be undertaken : 


a) cooling of the air with the aid of 
elongated delivery pipes or special coolers 
to a temperature exceeding the ambient 
temperature by not more than 2 to 3° G: 

b) mechanical separation of the conden- 
sate, which creates a supersaturated condi- 
tion of the air, and cleaning the latter 
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of admixtures of grease with the aid of 
special devices; 

c) creation of a difference in pressure 
between the main reservoir and the train 
pipe for additional drying of the air as 
a result of its expansion when passing into 
spaces having a lower pressure. 

The relative humidity of the air in the 


train pipe can be determined according to 
the formula : 
ee 
o= 100 °% 
iY 


where : 


9? is the relative humidity of the air in %; 


P; is the absolute pressure of the air in 
the main reservoir in atm.; 


Pz is the absolute pressure of the air in 
the train pipe in atm.; 

7, is the specific gravity of saturated water 
vapour at the temperature of the air 
in the main reservoir, kg per cu. m; 

72 1s the specific gravity of saturated water 
vapour at the temperature of the air 
in the train pipe, kg per cu. m. 

(Usually the temperature of the air in 
the train pipe is equal to the ambient tem- 
perature.) 


Thus, by taking the desired value of the 
relative air humidity in the train pipe the 
required difference in pressure between the 
main reservoir and the train pipe can be 
determined. Or the expected relative hu- 
midity at any point in the brake system can 
be calculated for given conditions of opera- 
tion of the compressor unit. 

As calculations and the experience ob- 
tained in the operation of brake systems 
under various climatic conditions show, at 
a minimum pressure in the main reservoirs 
equal to 8 atm. and at a charging pressure 
in the train pipe of 5 atm. a relative humi- 
dity of the air in the brake system of 80 
to 85 % will be ensured. 

Upon comparison of the data regarding 
the braking distances permitted by various 
railways a great diversity is found in this 
important factor, which is connected with 
the safety of train operation and the traf- 
fic capacity of railway lines. The tolerated 
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length of the braking distance determines 
the minimum distance tolerated between 
adjacent automatic block signals, and also 
determines the way of protecting by signals 
the places where there are obstacles to the 
movement of trains (the distance at which 
the signal indicating that a train must stop 
should be located from the place where 
there is an obstacle). The tendency of 
most of the railways is to obtain braking 
distances as short as possible, however this 
tendency is hindered by the limited possi- 
bilities afforded by the force of adhesion 
of wheels to the rails, as a result of which 
comparatively long braking distances have 
to be used in practice. 

As a result of operation experience and 
experimental tests with trains it follows 
that with an account of winter operation 
conditions and the possibility of frequent 
atmospheric precipitation the railways can 
ensure a braking distance of 1000 m upon 
emergency application of the brakes in a 
passenger train at an initial speed of 
140 km/h and 1 200 m at an initial speed 
of 160 km/h with a guarantee that there 
will be no wedging of brakes. Further re- 
duction of the braking distance is possible 
only on absolutely dry and clean rails or 
with the use of special rail brakes. ‘The 
tolerated braking distances indicated above 
may be considered as optimum and as 
ensuring the safety of train operation at 
high speeds. 

To ensure safe train operation with the 
established value of the maximum tolerated 
braking distance the permanent and tem- 
porary signals should be correspondingly 
located. 

It is good, for example, to have the 
minimum distance between two adjacent 
automatic block signals equal the tolerated 
braking distance for service application of 
the brakes, bearing in mind that a train 
may approach a_ yellow light (caution 
aspect) of a three-aspect colour light signal 
at unrestricted speed. The braking distance 
for complete service application is usually 
about 20 to 25 % greater than for emer- 
gency application. 

A portable signal should be located at 
a distance from the obstacle to train move- 
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ment which it is to protect that does not 
exceed the braking distance tolerated for 
emergency application of the brakes in a 
train. 

In connection with the further increase 
in the speed of trains and the expediency of 
reducing the braking distances the problem 
of complete utilization of the force of adhe- 
sion of the wheels to the rails for braking 
acquires special importance. This problem 
is especially important for railways where 
low temperatures are encountered in win- 
ter, as well as a great amount of atmo- 
spheric precipitation, or other conditions 
under which the surface of the rails be- 
comes dirty. 

Up to the present, as can be seen from 
the communications of the various , rail- 
ways, the most widespread means of in- 
creasing the coefficient of adhesion of the 
wheels to the rails is the feeding of sand 
under the wheels of the locomotive. ‘The 
most efficient would be such measures as 
the chemical or mechanical cleaning of the 
surfaces of the rails, as well as the use 
of electromagnetic rail brakes. However, 
these problems have been reflected in the 
form of small-scale experiments on separate 
railways, sufficient experience having not 
yet been accumulated for general recom- 
mendations and these problems require 
further investigation. 

As a result of analyzing the development 
of automatic brake equipment it is neces- 
sary to note as deserving serious attention 
such objects of brake equipment as disk 
brakes and anti-sliding regulators. 

However from the information received 
from the various railway’ administrations it 
is not possible to make any comments in 
respect to these elements of brake equip- 
ment. 

Judging from the periodical publications 
experiments with disk brakes and anti- 
sliding devices are being carried out on 
the greatest scale on the U.S.A. railways. 
However, in this report it is not possible 
to consider any of the latest achievements 
in this field on the U.S.A. railways, as 
the U.S.A. railway administration did not 
find it possible to send in the required 
materials and information for this report. 
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In connection with the increase in the 
lifting capacity of goods vehicles and the 
increase in speed of passenger trains, diffi- 
culties are observed in the operation of 
lever brake rigging, as they become cum- 
brous. 

Besides this, with the most widespread 
system of rigging with one brake cylinder 
and both side pressure, instances are noted 
in operation when the brake shoes are 
partly in contact with the wheels. As 
has been proved by the results of special 
investigations, this partial contact between 
the brake shoes and the wheels increases 
the specific resistance of cars by about 10 
to 15 %, which naturally leads to exces- 
sive fuel consumption on the locomotives. 
Therefore the time has come when it is 
necessary to greatly improve the mechanical 
part of vehicle brake systems. Here, to- 
gether with perfection of the system of 
brake shoe suspension, retaining springs, 
triangles and other parts, attention should 
be paid to the location of the brake cy- 
linders in the brake system. On a number 
of railways there were attempts to replace 
the existing single brake cylinder with 
several cylinders located on each bogie or 
even with several brake cylinders per bogie. 
With such a solution of the problem the 
brake rigging is naturally simplified and 
lightened and instances of the brake shoes 
coming into contact with the wheels 
are eliminated in the best way. However 
a multiple-cylinder brake installation may 
increase to some degree the operating costs 
and the question of whether it pays to 
employ such installations on vehicles may 
be solved after a wide range of comparative 
tests 1n Operation, 


Conclusions and proposals. 


Brake equipment is one of the most im- 
portant items in the railway transport sys- 
tem, on the degree of development and con- 
dition of which the safety of train operation 
depends. The part played by the brake 
equipment grows more and more with 
an increase in the maximum train speeds, 
the weight and the length of trains. 
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The following technical propositions are 
recommended to be taken into account 
when continuing to perfect automatic brake 
equipment. 

1) The braking efficiency of any unit 
of rolling stock should be designed with 
a view to realizing to the utmost the force 
of adhesion of the wheels to the rails for 
the condition of the rail surface that is 
most frequently encountered in _ practice. 


2) The rated values of the coefficient 
of adhesion of the wheels to the rails when 
the brakes are applied should be defined 
more precisely with an account to the spe- 
cific conditions on the railways of each 
country depending upon the speed of trains, 
the load on the wheels and other factors. 


3) For passenger trains running at speeds 
over 120 km/h it is desirable to use anti- 
sliding regulators. However, brake systems 
with anti-sliding regulators should also be 
designed for the values of the coefficient 
of adhesion of the wheels to the rails most 
frequently encountered in operation. Upon 
designing a brake system with anti-sliding 
devices for too great braking forces, accord- 
ing to the conditions of adhesion of the 
wheels to the rails, cases are possible when 
during an emergency application of the 
brakes on dirty rails most of the anti-slid- 
ing regulators in the train will operate 
many times, as a result of which an un- 
desirable increase of the braking distance 
may occur. 


4) On railways where there are cold 
winters, there is considerable atmospheric 
precipitation or there are other constantly 
present factors that promote contamination 
of the rail surfaces, it is necessary to find 
ways and means of increasing the coeffi- 
cient of adhesion of the wheels to the 
rails. 
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5) For high-speed trains, it is good to 
use non-metallic (plastic) brake shoes or 
disk brakes with a braking force that is 
almost independent of the train speed 
instead of the existing iron brake shoes. 

6) It is desirable in the future to equip 
goods vehicles, as well as suburban train 
cars having a great varying load, with spe- 
cial regulating devices that will automa- 
tically change the pressure on the brake 
shoes depending upon the load of the car. 


7) On railways where a_ considerable 
increase in train length and speed is plan- 
ned for the future the trend should be to 
develop and employ electropneumatic con- 
trol, which greatly improves train control 
with various brake duties being used and 
reduces the level of any possible longi- 
tudinal stresses in the train during applica- 
tions of the brakes. 


8) With diesel and electric traction, it 
is profitable to use electric (rheostat or recu- 
perative) braking of locomotives, which per- 
mits to considerably increase the average 
speed of trains on long down grades and 
reduce the wear of the brake shoes. 


9) To ensure faultless functioning of 
train brake systems, especially in winter 
operation conditions, the compressor instal- 
lations of locomotives, besides an adequate 
output, should ensure sufficient drying of 
the compressed air and the removal of oil. 


The compressed air is dried by cooling 
the air after compression before it leaves 
the main reservoir and creating a dif- 
ference in pressure between the main reser- 
voir and the train pipe of at least 2 kg 
per sq.cm. Oil is cleaned from the air 
with the aid of special oil catching devices. 


10) Increase experimental work in respect 
to disk and rail brakes. 
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INTERNATIONAL RAILWAY CONGRESS ASSOCIATION 


18th SESSION (MUNICH, 1962). 


QUESTION 7. 


Application of operational research on the railways with parti- 
cular reference to the purchase of material and stores, stores 
management and control of the quality of the purchases; 
traffic market research, etc. 


REPORT 


(America (North and South), Australia, Burma, Ceylon, Egypt, Finland, Ghana, West 

Germany, India, Indonesia, Irak, Iran, Republic of Ireland, Japan, Malaysia, New 

Zealand, Norway, Pakistan, Philippines, Siam, South Africa, Sudan, Sweden, Union of 

Socialist Soviet Republics, United Kingdom of Great Britain and Northern Ireland and 
dependent overseas territories), 


by Dipl.-Ing. H, Jessen, 


Ministerialrat bei der Hauptverwaltung der Deutschen Bundesbahn. 


I. INTRODUCTION. 


A specific definition of « operational 
research » (O.R.) was deliberately not prov- 
ided in the questionnaire. It was merely 
explained, that we are dealing with the 
application of mathematical methods to 
questions of management at the interme- 
diate and high level with a view of obtain- 
ing optimal results. 

The replies received from railway admini- 
strations proved this to have been the cor- 
rect way of approach. They also indicate 
that the railway administrations examined, 
whether, and to what extent, the problems 
arising may be solved with conventional, 
empiric methods without the application 
of O.R. It has become evident, that numer- 
ous railway administrations are not employ- 
ing O.R. methods. 

However, the large number of publica- 
tions about O.R. methods for the solution 
of specific railway problems and the intend- 
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ed enlargement of O.R. departments and 


teams, where such are already existing, 
definitely indicate a general interest in 
O.R. 


The report and its discussion during the 
1962 Congress promise further progress and 
success for this mode of railway manage- 
ment. 


Il. QUESTIONS OF GENERAL 
ORGANISATION. 


A. Questions of staff and organisation. 


1) So far, only few railway administra- 
tions have established special O.R. depart- 
ments, but there exist a large number of 
O.R. groups and working teams which, 
under the guidance or with the assistance 
of mathematicians, solve problems assigned 
to them by the various railway departments. 


2) Most of these groups have no other 
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functions, but, in view of the versatility of 
the problems entrusted to them for ma- 
thematical solution they are compelled to 
engage in statistics, work studies, insurance 
mathematics, etc. 


3) The O.R. groups range at high ad- 
ministrational level and are frequently 
directly responsible to the management. 


Where O.R. groups are placed at inter- 
mediate level, they have special authority 
with regard to: 


4) Submitting of reports and expert ad- 
vice. In no case have they been responsible 
in the past for the implementation of the 
mathematical solutions which they found, 
and therefore, are not authorized to give 
directives. 


5) The problems to be so studied are 
assigned to them by the top management, 
usually on request by any of the different 
railway sections. 


6) The composition of the O.R. groups 
differs considerably with the individual] rail- 
way administrations. However, most of 
these O.R. units consist of railway staff 
who are, on some railways, assisted by ex- 
ternal consultants. Railway administration 
have only on rare occasions referred prob- 
lems for study by O.R. methods to outside 
institutions (universities, public accoun- 
tants). 


7) Some of the railway administrations 
have each set up a central O.R. group and 
organised additional working teams accord- 
ing to requirements. Other railways, apply- 
ing O.R. methods, form such groups when- 
ever need arises : 


8) For instance, to study problems con- 
cerning rail and road transport, procure- 
ment of stores, ete. 


9) According to the replies received there 
are now 4 to 21 railway men per railway 
administration exclusively employed in O°R. 
This number is often considerably increased 
by temporary assignment of specialists and 
clerical help. Difficulties in recruiting gra- 
duates with mathematical qualifications 
have prevented the expansion of O.R. to a 
desirable extent. 
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10) O.R. teams assigned to one single 
problem consist of between four and _ six 
members. 


11) In an attempt to accelerate their 
O.R., some railways have consulted private 
firms, public accountants, and college insti- 
tutions but the results were found negli- 
gible and there is a notable tendency to- 
ward expanding their own O.R. groups. 


12) There are hardly any public institu- 
tions which could advise the railways in 
regard to the set up and organisation of 
their O.R. groups. 


The IlIrd. Committee of the Internatio- 
nal Railway Union (U.I.C.) have, as a sub- 
committee, organized a working group of 
mathematical experts. 


In some cases the facilities of public sta- 
tistical offices have been utilized. 


The strongest influence appears to be 
exercised by industrial firms who are either 
selling or leasing modern business machines 
and computers. 


B. Automatic calculating equipment. 


13) Excepting conventional small busi- 
ness and calculating machines, no special 
computers have either been purchased or 
hired. 


14) For data processing and evaluating, 
O.R. workers generally use the machines 
which the railways already possess or those 
available at other public offices, or time is 
hired on computers of private firms. 

15) Electronic calculating machines, fit- 
ted with data storing devices are finding 
increasing use. The type of machines em- 
ployed, so far as capacity is concerned, 
depends on the amount of work necessary 
from time to time. / 


16) Considerations similar to those under 
15) above are governing also the methods 
of data collecting for O.R. and 


17) the later transmission to data pro- 
cessing centers. 


18) Most railways now have centralized 
punch card offices at regional level. Only 
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few administrations possess typewriters or 
business machines fitted with devices for 
producing teletapes or punch cards at the 
same time as the document is typed. How- 
ever, it appears, that this modern method 
is increasingly employed for the purpose of 
rationalizing and accelerating O.R. work. 


19) Only in special cases are punched 
data transmitted from their points of origin 
to processing centers. Ordinarily, such data 
are forwarded by railway mail service. 


20) Automatic electronic devices for read- 
ing and transcribing data from punched 
tape to punched cards or magnetic tapes 
are not employed. 


21) and 22) For better presentation, these 
questions are not considered here, because 
it has been stated under 13) already, that 
special machines have not been hired spe- 
cifically for O.R. and because the fields of 
application are dealt with under III. 


23) The replies to this question are sub- 
stantially the same as those to question 
No. 4. 


24) The value of computers in solving 
complex problems lies : 

a) on the technical level, in getting opti- 
mal solutions in less time; 

b) on the economic-financial level, in 
providing means for quicker and more sim- 
ple assessment of the effects of modern 
methods, particularly where frequently re- 
peating processes are concerned. 


GC. General evaluation of O.R. 


25) All problems studied by O.R. me- 
thods have led to practical results, even if 
the investigations merely confirmed that 
the existing practices are correct. Also 
negative conclusions may be of value. Stu- 
dies by O.R. methods are frequently of 
greater practical value than others, because 
acceptable interim solutions are found in 


shorter time. 


26) All railway administrations, now em- 
ploying O.R., are: 


BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 


865/3 


ad) against any reduction in the number 
of staff engaged in O.R.; 


b) no comments; 


c) on the contrary endeavouring to in- 
crease the number of their O.R. staff, par- 
ticularly where additional fields of applica- 
tion and problems which may be solved by 
O.R. methods are recognized. 


In order to improve and accelerate O.R., 
the participation of mathematicians and 
mathematical statisticians is considered of 
special importance. Physicists and gra- 
duates in other fields involving mathema- 
tics are also deemed to make competent 
O.R. workers and there is a general con- 
sensus of opinion, that any railway man, 
having a talent for economic thinking and 
research may be successfully employed in 
OR: 


27) With regard to the O.R. methods 
listed under A to F it may be stated : 


A) All railway administrations evaluate 
their statistics with good results. 

B) Linear programming is more fre- 
quently employed than the methods under 
La to E 


C) The only other method used appears 
to be multiple regression, which, perhaps, 
is merely a different term. 


28) and 29) All O.R. methods employed 
elicited good results (s. also 25) and the one 
most suitable in any individual case will 
be applied in the future. 


30) Attached to this report is a catalogue 
of publications about O.R. subjects (Appen- 
dix No. 1). 


III. GENERAL SURVEY 
OF SPHERES OF APPLICATIONS. 


1) All railway administrations agree with 
the classification given in the questionnaire. 

2) The following additional fields of ap- 
plication have been suggested : 

f) optimation in the design of rolling 
stock; 


4 
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g) determination of the economic mean 
service life of complete technical units, 

according to the method of Robly Win- 
frey. i 

(Note: By this method, almost all fields 
of railway activities may be investigated, 
excepting only administration.) 


Referring back to items IT. 21 and 22 


I shall now report about the O.R. studies 
carried out or intended to be made by the 
various railway administrations : 


1, Optimal distribution of empty wagons; 


2. Approximated calculation of the num- 
ber of net ton kilometers and passenger 
kilometers based on the number of wagons 
loaded and tickets sold and passenger re- 
venues; 

3. Operating methods and _ staff assign- 
ment; 


4. Optimal composition of trains, having 
regard to the volume of traffic and the 
wishes of customers; 

5. Efficiency in shunting and marshal- 
ling; 

6. Economic timing of trains with regard 
to track alignment, curvatures and motive 
power; 

7. Capacity of lines and yards; 

8. Wagon turnround and measures for 
its improvement; 

9. Cooperation of different marshalling 
yards; 

10. Centralized and mechanized proces- 
sing of transportation documents; 

I]. Periodic studies on the utilisation of 
locomotives and wagons; 

12. Economics of the provision of first 
and second class accommodations in trains; 


13. Economics of the movement 
rated commodities by rail; 


of low- 
. 
I4. Correlation of rail movement with 
the trends of industrial and agricultural 
production; 
15. Average lead of different commodi- 
ties and wagon loads in the different dis- 
tance zones; 
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16. Studies of the suburban traffic in 
large cities; 

17. Optimal designs of carriages (number 
and size of doors, mean number of passen- 


gers boarding and alighting trains); 
18. Control of stores in stock; 
19. Causes and frequency of accidents; 


20. Capacity of station platforms and ap- 
proaches; 


21. Ratio between 
smoker compartments; 


smoker and non- 


22. Electric power consumption of trains. 


IV. O.R. WITH REGARD TO PRO- 
CUREMENT, STORAGE, AND 
DISTRIBUTION OF SUPPLIES. 


1. The reports received on the problems 
of the above important and costly branches 
of railway activities are especially interest- 
ing for a study of the possibilities offered 
by O.R., because they indicate wide differ- 
ences of opinion. The methods now em- 
ployed by most railway administrations for 
the procurement, storage and distribution 
of supplies are based on general financing 
principles. O.R. methods are seldom 
applied. 

A number of railways are seriously stu- 
dying whether O.R. would show solutions 
which would assist in attaining optimal effi- 
ciency on these three closely related sec- 
tions. Fundamentally, they are convinced, 
that such solutions could be found through 
O.R. Some success has been already achiev- 
ed, e.g., by the application of linear pro- 
gramming to the distribution of locomotive 
coal. 

One association of a great 
railways applies O.R. methods 


2. to all the problems related to the pur- 


chase and inventory control of stocks, under 
a) GtOn£). 

3. This association of railways gave no 
details on the various O.R. methods used 
but forwarded the below reproduced com- 
pilation with regard to the recordings made 


number of 
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and the methods and business machines 


employed : 


«1. Mechanized Inventory Procedures. 


A. Recording of annual 


punched cards. 


inventory on 


B. Surplus or obsolescence reports from 
inventory. 


II. Mechanized Stock Control Procedures. 


A. Printing and stock 


records. 


preparation of 


B. Updating stock records: 
. Of local stores; 
. Of general stores. 


1 
2 
C. Stock status reports : 
1. By store location; 

9 


. By item. 


Ill. Mechanized Material Replenishment 
Procedures. 


A. Preparation of requisition or replace- 
ment notice for stock items: 

1. By local stores : 

a) on prepunched cards; 

b) on unpunched cards. 

2. By general stores: 

a) on prepunched cards; 

b) on unpunched cards. 


B. Preparation of requisition for non- 
stock items : 


1. By local stores: 

a) on prepunched cards; 
b) on unpunched cards. 
2. By general stores: 

a) on prepunched cards; 
b) on unpunched cards. 


C. Automatic replacement of stocks from 
punched charge cards : 


1. From general stores to local stores; 


2. From purchase orders prepared by use 
of charge cards. 


D. Transfer of material between 
on punched cards. 


E. Preparation of purchase orders : 
1. By purchasing department : 


stores 
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a) mechanically prepared purchase or- 
ders from punched cards; 

b) punched and purchase order; 

c) by magnetic tape; 

d) by tape or edge-punched card of type- 
writer. 

2. By stores department : 


a) mechanically prepared purchase or- 
der from punched card; 


b) punched card purchase order; 

c) by magnetic tape; 

d) by tape or edge-punched card of type- 
writer. 


IV. Mechanized Allied Accounting Funce- 
tions. 


A. Verifying material on 


punched cards. 


receipt of 


B. Paying material invoices. 

C. Charging out materials : 

ee Exp ensivier 

a) direct; 

b) as disbursed. 

2. Inexpensive : 

a) direct; 

b) as disbursed. 

D. Distribution of charges for materials 
to proper accounts. 


V. Miscellaneous. 

Preparation of statistics from punched 
cards or tape: 

1. Material stock balance; 

2. Purchase commitment report; 

3. Value of purchase by -vendor; 

4. Value of purchases by manufacturer; 

5. Value of purchases by item; 

6. Value of purchase by class. » 

4. «for the most frequently needed stock 
items a perpetual inventory or strike-off 
system is employed to insure, that re-stock- 
ing procedures are set in motion, immedia- 
tely stocks are reduced to the established 


minimum. The stock record on each item 
carries a maximum and a minimum. 
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On items of a special nature, such as con- 
struction of large and expensive installa- 
tions, a representative of the stores depart- 
ment is assigned to follow through on all 
deliveries, controlling and adjusting them 
to changes in plans or to changes in pro- 
gress of the work. 


5. Special committees have been appoint- 
ed for the purpose of studying the follow- 
ing subjects: warehousing, inventory con- 
trol, standard packing, unit loads, visual 
report of actual application, simplification 
and standardization on car, locomotive and 
signal material, fuel and lubricants, cross- 
ties, reclamation, scrap disposition. >». 

Following these verbal excerpts of the 
report of one railway association I shall 
now continue to relate the consolidated 
results of all reports. 


6. Some railway administrations have 
their material supply service, particularly 
the «purchasing branch » completely cen- 
tralized. Others have central and_ local 
stores supply offices and the responsibilities 
assigned to each of these are determined on 
carefully prepared codes or on past expe- 
rience. 


7. The data concerning deliveries, con- 
sumption, stocks on hand, etc. are secured 
by all three methods, namely : 


a) manually; 

b) by punched cards; 

c) by electronic computers. 

The methods under (b) and (c) are gra- 
dually gaining importance. 


8. Inventory of stocks is taken when need 
arises but always in time to secure a steady 
flow of supplies. 

9. Most railways furnish supplies to the 
consuming points at accounting — prices 
which remain in force for relatively long 
periods of time and are changed only if 
there are large fluctuations in purchasing 
prices. « Genuine » prices rather than ac- 
counting prices are applied only by rail- 
ways who are employing for their material 
supply and storage service electronic com- 
puters which perform the necessary labori- 
ous arithmetic. 
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10 to 12. Most of the railways gave no 
reply to this question, because it seems im- 
possible to determine the percentage of 
cost attributable to the supply and storage 
of material. 


13. The turnover or cycle of rotation 
differs for the single items of supplies so 
much that it could hardly be expressed in 
figures. Most railways have a fixed mini- 
mum and maximum number for each item. 


14 to 18. Regarding the use made by the 
railways of O.R. methods for the purchase, 
storage, distribution, etc. of supplies I wish 
to refer to 1) and 3). No doubt, O.R. 
could be applied to many spheres of the 
supplies service and a study of these fields 
is important in order to keep step with 
technical progress and the continuously 
changing problems of the market and con- 
sumption. However, officials responsible 
for the purchase, storage, distribution, etc. 
of supplies will continue to be indis- 
pensable. 


V. APPLICATION OF OPERA- 
TIONAL RESEARCH TO THE 
QUALITY CONTROL OF PUR- 
CHASES, 


1. ‘The inspection of new rolling stock, 
railway plant, installations and supplies is, 
in general, carried out by the railways’ own 
inspectors who are assisted in their work by 
the railway’s chemical, physical, metallur- 
gical, and mechanical testing laboratories 
and who cooperate with the supplier's 
inspectors. 

Where supplies are obtained from other 
countries, arrangements are made for qua- 
lity inspections to be carried out by the 
national railway or by private firms. 


Simple goods and consumable items are 
checked on receipt at the storage depot. 

A few railways hold the supplier respon- 
sible for the quality of their products. 

2. All the methods mentioned are ap- 


plied, but O.R. teams are seldom employed 
for this work. 
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b 1) Where supplies are delivered in lar- 
ge numbers it is not usual to inspect each 
single item, but this depends upon the high 
value of the article or its importance to 
operating safety, for instance : coloured 
glasses for signals, insulators, etc. 


b 2) Only few railways employ the mathe- 
matical statistical method for inspections 
and, as indicated by their reports, have 
secured savings both for the railway and 
the supplier. Several railways intend to 
apply this method for certain items. 


b3 and 64) It seems impossible to pre- 
pare lists of supplies for which these two 
methods of inspection may be employed. 


3. a) All railway administrations use 
X-ray examination in inspecting: boiler 
welds, other weldings, and large size cast- 
ings; 

b) radioactive isotopes are not yet used 
for material inspection: 


c) ultrasonic inspections are made of 
axles, insulators, etc.: 


d) practically all railways make use of 
surface tests. 


VI. APPLICATION OF OPERA- 
TIONAL RESEARCH TO THE 
TRANSPORT MARKET. 


At the outset I may quote the critical 
remarks made by one railway administra- 
tion: « Market research, as defined in the 
questionnaire, is not considered part of 
operational research, nor is such research 
undertaken by the O.R. unit. At both 
central and regional management levels 
some aspects of market research are under- 
taken in the traffic intelligence sections 
while others may be dealt with in econo- 
mics or economic survey sections. » 

Other railways have not emphasized that 
they clearly differentiate between O.R. me- 
thods and the evaluation of statistical data 
by the department concerned (commercial 
department), but the reports received gave 
only few indications, that O.R. methods 
are applied to market research. 
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1. Almost all railway administrations 
analyse the market, using besides their own 
statistics also other business and official sta- 
ustics. Questions concerning : 

c) living habits; 

d) occupation; 

e) housing; 
are often not included in these studies, 


because they are considered to have little 
bearing on the traffic volume. 


However, one railway which carries im- 
mense suburban traffic is studying the sub- 
jects under (c) and (e) very carefully and 
estimates the demand for travel on their 
lines by: 

housing completions; 

cinema admissions; 

attendances at sporting events; 

weather conditions, etc. 


In countries with planned economy, the 
railways are receiving the necessary data 
from the planning authorities and are given 
advance information about planned future 
development. 


2. Almost all railway administrations 
study the dynamic forces influencing the 
market. The observations made at regional 
level are usually evaluated at one central 
point. 


3. The same applies to studies of the 
market trend. Factors affecting the market. 
such as: trend of trade, productivity of 
industry, world economy are registered and 
analized. Long-range forecasts are made on 
own behalf and on request of governmental 
bodies. The volume of traffic has been 
calculated by using historically estimated 
regression coefficients and by applying 
prognosis values of interpreting variables. 

4. Most of the railway administrations 
have studied the factors responsible for the 
diversion of traffic from the railways to 
other types of transport. One railway has 
ordered their research organ for traffic 
economics to explain « how the demand on 
the services of the different carriers is 
influenced by prices and income ». 

One railway administration reported, as 
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an exception, that they are not conducting 
such studies, since they are offered more 
traffic than they can handle. 


5. For market research in the transport 
sector the following methods were applied : 


simple and multiple correlation method; 


comparisons between the relative cost and 
tariffs; 


quota sampling system, using question- 
naires; 
census of passengers on sample basis, etc. 


6. While public opinion polls have been 
frequently undertaken with regard to pas- 
senger traffic, they were not deemed neces- 
sary for goods traffic, excepting only in a 
few cases. 


7. See reply under 6 above. 


8 and 9. Railway administrations have 
sent out questionnaires of their own only 
on rare occasion. For lack of qualified own 
personnel they referred such projects in 
most cases to market research firms. 


10 and 11. Railway administrations, al- 
ready engaged in market research are gene- 
rally of the opinion that there are possi- 
bilities for further successful developments 
and that O.R. and mathematical-logistic 
methods will improve the results. 


VIL = APPLIGARION OFS THE 
OPERATIONAL RESEARCH TO 
OPERATING AND MAIN- 
TENANCE PROBLEMS. 


1. So far, no O.R. methods have been 
used for determining optimal cycles of rou- 
tine maintenance and repairs. However, 
some railways are already collecting data 
for later evaluation by O.R. methods, 

2. Production schedules of workshops are 
arranged in the way most suitable for the 
individual shops. 

3. One railway administration has made 
extensive investigations into the capacity of 
lines in terms of frequency of service, jour- 
ney speed, and passenger carrying capacity. 
In order to programme upper speed limits 
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more suitable for reducing journey times, 
another railway administration has made 
technical calculations for the purpose of 
relating rolling stock performance to route 
characteristics and desired train schedules. 


4. While most of the railways stated that 
they have adequate knowledge of the capa- 
city of their means of transport and instal- 
lations, one railway reported, that such stu- 
dies will be included in the programme for 
their O.R. unit. 


5 to 8. No O.R. methods have yet been 
applied for the study of these problems. 


9. Some railways have obtained valuable 
results in applying linear programming for 
the study of utilization and distribution of 
empty wagons. One railway considers the 
transit of loaded wagons as the main func- 
tion of their system which should be stu- 
died by O. R. methods. 


10 and 11. At some railways, studies by 
O.R. methods are under way to determine 
the optimal location of stabling sidings. 

12. The railways who have already set 
up O.R. units are generally of the opinion, 
that an extension of studies by O.R. me- 
thods to other railway subjects is necessary 
and will produce valuable results. 


The various proposals 
found under III. 2. 


made will be 


APPENDIX. 


Catalogue of publications by the various 
railways and bibliography of O.R. 
subjects. 


Finnish State Railways. 


1. « Optimal Programming for the Dis- 
tribution of Empty Cars » (linear program- 
ming, 1957). 

2. « The Economy of L.C.L. traffic on the 
Finnish State Railways » (1960). 

In this study linear programming was 
applied to show how discontinuing of 
L.C.L. shipments would influence the dis- 
tribution of empty cars. For the study of 


other problems, multiple regression was 
used. 
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3. « The Economical Aspects of Lines 
Carrying Little Traffic » (partly linear pro- 
gramming, partly multiple regression, 1960). 


4. « A Model Showing How the Cost on 
the Railways Correlate to Different Factors 
and the Application of this Model to Vari- 
ous Cost Calculation Problems » (multiple 
regression, 1960). 


5. «Some Possibilities for Applying Re- 
gression Analysis in Planning and Control- 
ling the Use of Lorries of the Finnish State 
Railways » (multiple regression, 1960). 


6. « The Influence of Various Factors on 
the Maintenance Cost for the Class Tk3 
Steam Locomotives. » 


London Transport Executive. 


1. P.I. WeLpInG. — « Instability of a 
Close-Interval Service», Operational Re- 
search Quarterly, Vol. 8, No. 3 (1957). 


2. B.D. HANKIN and R.A. WRIGHT. — 
« Passenger Flow in Subways », Operational 
Research Quarterly, Vol. 9, No. 2 (1958). 


3. P. I. WELDING and J. STRINGER. — «A 
Problem in Vehicle Fuel Consumption », 
Operational Research Quarterly, Vol. 11, 
No. 4 (1960). 


4. B.D. HANKIN. — « Operations Room 
Technique in Operational Research », Oper- 
ational Quarterly, Vol. 11, No. 4 (1960). 


British Transport Commission. 


1. « Does Operational Research Help », 
Traffic Research Quarterly, No. 6, January 
1952. 

British 


2. « Operational Research in 
Review, 


Transport », British Transport 
Vol. VI, No. 1, August 1960. 


German Federal Railway. 


1. « The Application of Linear Program- 
ming to Determine the Optimal Turnround 
of Empty Wagons on the German Federal 


10 
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Railway » (« Zeitschrift fiir die gesamte 
Staatswissenschaft », Vol. 1, 1959). 

2. « Application of Sampling Methods 
Saves Train Working Cost » (« Archiv fiir 
Eisenbahntechnik », Vol. 11, 1958). 


3. KUMMELL. — « Size and Location of 
Marshalling Yards» (« Rangiertechnik », 
Consolidated Vol., page 13). 


4. CAUER. — « Location and Traffic 
Functions of Marshalling Yards » (Ebenda, 
page 3). 


5. GRASSMANN. — « Some Thoughts 
about the Relation between Settlement 
Projects and Marshalling Yards » (Bundes- 
bahn 1957, page 124): 


6. KLEIN. — « Saturation Limits in Case 
of Complete Automatization of the Hump- 
ing Zones » (Rangiertechnik 13/1953). 


7. GRASSMANN.—« The Maximum Capa- 
city of Marshalling Yards » (Rangiertechnik 
17/1957, page 24). 


8. RosTEcK. — « The Application of a 
Scale to Determine the Capacity of Marshal- 
ling Yards » (Rangiertechnik 18/1958, 
page 14). 

9. AMMANN. — « A Critical Review of a 


Marshalling Yard Layout and its Influence 
on Performance » (Verkehrstechnische Wo- 
che 1919, page 269). 


10. BAUMANN. — « How the Length of 
Trains Affects the Efficiency and the 
Amount of Work Necessary in Marshalling 
Yards » (Organ Fortschritte des Eisenbahn- 
wesens 1922, page 249). 

11. Fickert. — « Double Humping In- 
creases Capacity of Marshalling Yards » 
(Rangiertechnik, Vol. 17/1957, page 35). 


12. LerpBRAND. — « The Performance 
Limit of Humping Installations » (Organ 


Fortschritte des Eisenbahnwesens 1938, 
No. 14). 
13. LeEmBBRAND. — « How to Increase the 


Capacity of Marshalling Yards » (Verkehrs- 
technische Woche, 1938, No. 11). 
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Extract from Railway Literature. 


1. « Use of an Electronic Computer in 
Train Operations » (Jap. Rly. Eng, 1, 1960, 
5, pages 22 to 24, 4B). 

A method employed by the Japanese Na- 
tional Railways for the determination of 
the elements of a train run with an ana- 
logue computer and an electronic com- 
puter. Further possibilities for the prac- 
tical application of this device (S.N.C.F.). 


2. « Electronic Computers Used for Long 
Term Advance Calculations of the Flow of 
Wagons » (Maksimovic and others, Zelezno- 
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dor. Transport, 1960, 10, pages 32 to 35, 
4B, Russian). 


A detailed description of the method em- 
ployed by the Soviet Railways for calculat- 
ing the wagon flow of an important railway 
junction for one, two or three days in 
advance with the use of electronic data pro- 
cessing machines. Advance calculations 
made as a test for the Swerdlowsk junction; 
time expended for these calculation; cal- 
culation results. Improvements of the 
devices used for transmission of the basic 
data are said to reduce the time required 
for such advance calculations (S.N.C.F.). 


Fondation Internationale Balzan. 


We think advisable to inform our 
readers of the recent establishment of the 
« Fondation Internationale Balzan ». 


This undertaking, which started its 
activities on November 16, 1961, grants 
every year prizes to encourage and sus- 
tain the most deserving efforts in the 
humanitarian, social and scientific field. 
Amongst the three prizes granted every 
year, one will be attributed to sciences 


(physics, chemistry, engineering and me- 
decine). 

Exceptionally, the number of prizes 
may be increased to four or five. The 
Balzan Foundation is also able to ho- 
nour particularly deserving achievements 
in the field of technical research. 

The « Fondation Internationale Prix 
E. Balzan-Fonds » is under the supervi- 
sion of the Swiss Federal Department of 
the Interior (Switzerland), Bern. 


MONTHLY BIBLIOGRAPHY OF RAILWAYS” 


PUBLISHED UNDER THE SUPERVISION OF 
P. GHILAIN, 


General Secretary of the Permanent Commission of the International Railway Congress Association. 


(NOVEMBER 1961) 
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I. — BOOKS. 


In French. 


1961 
3RONDEL (J.). 
Accouplements, joints de Cardan, encliquetages. 
Paris, Dunod, éditeur. Un volume (16 x 25cm) de 
KI + 451 pages, avec 476 figures. (Prix : relié, 64 NF.) 


531 


1961 691 
MIAURIN (A.J.). 

Manuel d’anticorrosion. Tome | : /ntroduction a I esprit 
le la technique d’anticorrosion. 

Paris (5°), Eyrolles, éditeur, 61, boulevard Saint- 
Sermain. Un volume (16 x 25cm) de 350 pages, avec 


00 figures. (Prix : 60 NF.) 


1961 669 
ipl.-Ing. W. ORDINANZ. 

Introduction a la trempe. Traduit de l’allemand par 
ah. LION et C. CHAUSSIN. 

Paris, Dunod, éditeur. Un volume (14 x 22cm) de 
<I + 284 pages, illustré. (Prix : broché, 24 NF.) 


1961 51 
ALLES (F.). 

Initiation au calcul opérationnel et a ses applications 
echniques. 2° édition. 

Paris, Dunod, éditeur. 76 pages (16 x 25cm), avec 
6 figures. (Prix : broché, 4.80 NF.) 


In German. 


1960 55 
3RINCH HANSEN (J.) und LUNDGREN (H.). 
Hauptprobleme der Bodenmechanik. : 
Berlin, Gottingen, Heidelberg, Springer-Verlag. Ein 
Jand 8°, XII-282 Seiten, mit Abbildungen. (Preis : 
YM 36.—.) 


1961 
Prof. Dr.-Ing. B. FRITZ. 

Verbundtrager. Berechnungsverfahren fiir die Briicken- 
baupraxis. 

Berlin-Go6ttingen-Heidelberg, Springer-Verlag. 149 Sei- 
ten (18 x 25 cm) mit 82 Abbildungen. (Preis : DM 31.50.) 


1960 TBA! &) 
Dr.-Ing. Otto F. THEIMER. 

Hilfstafeln zur Berechnung wandartiger StahlIbeton- 
trager. 3. Ausgabe. 

Berlin, Verlag von Wilhelm Ernst & Sohn. Ein Band 
(17 x 24cm), 47 Seiten, 23 Abbildungen und 15 Tafeln. 
(Preis : DM 8.60.) 


1961 
Dr.-Ing. A. WEIGAND. 

Einfiihrung in die Berechnung mechanischer Schwing- 
ungen. 

Berlin. VEB Verlag Technik. 

Band I : Format DIN A 5, 124 Seiten, 58 Abbildungen. 
(Preis : Kunstleder, DM 9.—.) 

Band II : Format DIN A 5, 176 Seiten, 67 Abbildungen, 
12 Tafeln. (Preis : Kunstleder, DM 21.—.) 


624 


62 (01 


In English. 


1961 
London Transport in 1960. 
One brochure of 97 pages, illustrated, published by 
the London Transport Executive, 55, Broadway, West- 
minster, London S.W. 1. (No price stated.) 


1961 

HAY (W.W.). 
An introduction to transportation engineering. 
One volume of 515 pages, illustrated. 


385 (42) 


656 (01 


London : John Wiley & Sons Ltd., Gordon House, 
Greencoat Place, S.W. 1. (Price : 94s.) 
1961 656 


SAMUEL (H.). 
Railway operating practice. 
One volume of 256 pages, copiously illustrated. 
London : Odhams Press Ltd., 96, Long Acre, W.C. 2. 
(Pricee930 s.) 


1) The numbers placed over the title of each book are th 
onjointly with the Office Bibliographique International, of Brussels, 


ose of the decimal classification proposed by the Railway Congress 
(See « Bibliographical Decimal Classification as applied to Railway 


cience ». by L. WEISSENBRUCH, in the number for November 1897, of the Bulletin of the International Railway Congress, p. 1509). 
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[ 016 .385 (05 ] 


Il. — PERIODICALS. 


In French. 


Acier - Stahl - Steel. (Bruxelles.) 


1961 624 
Acier - Stahl - Steel, septembre, p. 379. 

VERDEYEN (J.) et ROISIN (V.). — Le calcul pra- 
tique des rideaux de palplanches métalliques. (8 000 mots 
& fig.) 

1961 
Acier - Stahl - Steel, septembre, p. 401. 

DUTHEIL (J.). — L’évolution des méthodes de calcul. 
(2500 mots & fig.) 


62 (01 


Annales des Ponts et Chaussées. (Paris.) 


1961 62 (01 
Annales des Ponts et Chaussées, juillet-aout, p. 441. 

LEGENDRE (R.). — Solutions exactes de quelques 
problémes d’élastostatique plane. (1 200 mots, tableaux 
& fig.) 

1961 656 .23 
Annales des Ponts et Chaussées, juillet-aout, p. 489. 

LHERMITTE (P.). — A propos de la tarification 
des services publics. (10 000 mots & fig.) 


1961 T2L wl 
Annales des Ponts et Chaussées, juillet-aoat, p. 523. 

PAYAN (G.). — Etude géométrique des fondations 
sur pieux. (6000 mots et fig.) 


Annales des Travaux Publics de Belgique. 
(Bruxelles.) 


1961 ; 55 
Annales des Travaux Publics de Belgique, n° 2, avril, 
DeeLOse 
LADANYI (B.). — Etude théorique et expérimentale 
de Vexpansion dans un sol pulyérulent d’une cayité pré- 
sentant une symétrie sphérique ou cylindrique. (4 suivre.) 
(15 000 mots, tableaux & fig.) 


Bulletin de Documentation S.C.E.T.A. 
(Paris.) 


1961 656 .132 
Bull. de Documentation S.C.E.T.A., septembre-octobre, 
Dale 
Chauffage et climatisation des autocars et autobus. 
(5 000 mots & fig.) 


Bulletin de la Société Frangaise 
des Electriciens. (Paris.) 
1960 _ 621. 
Bulletin de la Société Frangaise des Electriciens, ji 
D> soz. 
BOURDON (R.). — Mise au point des accesso’ 


de canalisations souterraines 4 moyenne et a basse t 
sions. (3 800 mots & fig.) 


Bulletin des Transports Internationaux 
par Chemins de fer. (Berne.) 


1961 656 . 

Bull. des Transp. Intern. par Ch. de fer, juillet-ac 
p. 167. 

MATYASSY (Z.). — Conditons spéciales pour 


transport des denrées périssables. (4 000 mots.) 


Bulletin de 1’Union Internationale 
des Chemins de fer. (Paris.) 


1961 385 
Bull. de l'Union Intern. des Chemins de fer, juil 
aout, p. 244. 


Les problémes économiques des Chemins de fer 
pays membres de la Conférence Européenne des Minis 
des Transports. Résumé du rapport présenté par 1’Un 
Internationale des Chemins de fer a la Confére 
Européenne des Ministres des Transports. (4 000 me 


1961 385 .113 

Bull. de l'Union Intern. des Chemins de fer, juil 
aout, p. 253. 

Les Chemins de fer en 1960. (Norvége, Suéde.) (5 
mots & tableaux.) 


C.F.F. (Berne.) 


1961 
C.F.F., septembre, p. 3. 
GRABER (E.). — Les gares d’Airolo et de Goesche 
dotées d’installations modernes. (2000 mots & | 


656 .21 ¢ 


1961 
C.F.F., septembre, p. 8. 
KRONAUER (A.). — L’exploitation de la ligne 
Saint-Gothard sur son parcours de montagne. Evolu 
présente et future. (1 500 mots & fig.) 


656 .2 ( 


1961 
C.F.F., septembre, p. 15. 
BECKER (R.). — A propos de la transforma 
des grands ponts du Saint-Gothard. (1000 mots & 


624 ( 


— 139 — 


1961 656 .25 (494) 
o.., Septembre, p. 17. 
LEEMANN (R.). — De nouvelles installations de 


curité accroissent la capacité du tunnel du Saint-Gothard. 
200 mots & fig.) 


1961 

.F.F., septembre, p. 20. 
WINTER (P.). — La signalisation de vitesse. Principe 
- application. (2 500 mots & fig.) 


656 .25 


Le Génie Civil. (Paris.) 


1961 621 .31 (44) 
e Génie Civil, n° 3547, 1° septembre, p. 354. 
BERTRON (L.) & MARCAILLOU (J.). — Le démar- 
age par by-pass des groupes turbo-alternateurs de 125 MW 
la centrale thermique de Lacq-Artix (Basses-Pyrénées). 
1000 mots, tableaux & fig.) 


1961 624 .51 (44) 
e Génie Civil, n° 3547, 1°* septembre, p. 366. 

Le pont suspendu de la Roche-Bernard sur la Vilaine. 
500 mots & fig.) 

1961 625 .13 (43) 
e Génie Civil, n° 3548, 15 septembre, p. 378. 
MORHARD (W.). — La construction du tunnel du 
{étropolitain de Hambourg sous les yoies ferrées de la 
are centrale. (3 000 mots & fig.) 


L’Industrie des Voies ferrées 
et des Transports automobiles. (Paris.) 


1961 625 .6 (06 

"Ind. des Voies fer. et des Transports automobiles, 
juillet-aoait, p. 102. 

CASSAN. — XXXIVe Congrés International de 

U.I.T.P. Copenhague, mai 1961. (6000 mots & fig.) 


revue Générale des Chemins de fer. (Paris.) 


1961 656 .254 
evue Générale des Chemins de fer, septembre, p. 473. 
TROGNEUX. — Le téléphone sélectif aux chemins 
e fer. Son évolution. (9000 mots & fig.) 


1961 625 .258 (44) 
evue Générale des Chemins de fer, septembre, p. 490. 
TESSIER. — Levage des freins de yoie lourds a la 
égion de l’Ouest de la S.N.C.F. par portiques mobiles 
équipement électrique. (1 500 mots & fig.) 


1961 621 .335 (44) 
evue Générale des Chemins de fer, septembre, p. 495 
et p. 498. 


Les automotrices électriques «tous services » de la 
.N.C.F. Exposé général, par J. ROQUES. (1 000 mots 


c fig.) 


L’automotrice électrique type Z 7100, par R. LE BER- 
RIGAUD et J.P. MEILHAT. (4 000 mots, tableaux & fig.) 

Les remorques pour automotrice Z 7100, par 
M. AMIEL. (1 500 mots & fig.) 


1961 656 .222 .5 (4) 
Revue Générale des Chemins de fer, septembre, p. 515. 

Mise en service de nouvelles relations « Trans-Europ- 
Express » électriques : Paris-Milan, Zurich-Milan, et 
vice versa. (1 000 mots & fig.) 


1961 625 .42 (44) 
Revue Générale des Chemins de fer, septembre, p. 518. 

Ouverture des travaux de la traversée sous-fluviale de 
la ligne Est-Ouest du Réseau express régional de la Régie 
Autonome des Transports Parisiens (R.A.T.P.). (800 mots 
& fig.) 

1961 385 (09 (45) 
Revue Générale des Chemins de fer, septembre, p. 522. 

LARTILLIEUX (H.). — Les Chemins de fer Italiens : 
réalisations techniques — situation générale. (1 500 mots 
& carte.) 

1961 621 .431 .72 (43) 
Revue Générale des Chemins de fer, septembre, p. 528. 

La traction Diesel-hydraulique sur le Chemin de Fer 
Fédéral Allemand. (2000 mots & fig.) 


La Traction Electrique dans les Chemins de fer. 
(Bruxelles.) 


1961 621 .431 .72 
Bulletin du Congrés des Chemins de fer. — La Traction 
Electrique dans les Chemins de fer, n° 7, juillet, p.311. 
ATTOCK (M.O.) et FLETCHER (S.). — Quelques 
idées sur l’entretien des locomotives Diesel électriques. 
(8 700 mots & fig.) 
1961 621 .431 .72 (43) 
Bulletin du Congrés des Chemins de fer. — La Traction 
Electrique dans les Chemins de fer, n° 7, juillet, p.336. 
LUDWIG (H.). — Les dispositifs de commande de la 
locomotive Diesel V 60. Perfectionnements aux appareils 
de commande. (3 500 mots & fig.) 


1961 621 .391 (73) 
Bulletin du Congrés des Chemins de fer. — La Traction 
Electrique dans les Chemins de fer, n° 7, juillet, p.349. 
Automatisation des engins de traction. (2 200 mots & 
fig.) 


1961 621 .336 (47) 
Bulletin du Congrés des Chemins de fer. — La Traction 
Electrique dans les Chemins de fer, n° 7, juillet, p.358. 
Attaches russes pour lignes caténaires, (300 mots & fig.) 


1961 621 .335 (73) 
Bulletin du Congrés des Chemins de fer. — La Traction 
Electrique dans les Chemins de fer, n° 7, juillet, p.360. 

Le Pennsylvania Railroad regoit la premiére unité d’une 
nouvelle série de locomotives électriques. (500 mots & fig.) 
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La Technique Moderne. (Paris.) 

1961 621 .9 (06 (493) 
La Technique Moderne, aott, p. 308. ; 

La Septiéme Exposition Européenne de la Machine- 

Outil. Bruxelles, 3-12 septembre 1961. (4 000 mots & fig.) 


Les Transports Publics. (Berne.) 


1961 625 .6 (494) 
Les Transports Publics, septembre, p. 3. 
La situation de nos chemins de fer privés. (Suisse.) 


(1 200 mots.) 


La Vie du Rail. (Paris.) 


1961 656 .211 .7 (45) 
La Vie du Rail, 10 septembre, p. 3. 
SCARSINI (G.). — Naissance d’un nouyeau service 


ferry Civitavecchia-Golfo-Aranci. (1000 mots & fig.) 


1961 
La Vie du Rail, 10 septembre, p. 10. 
Nouveaux aménagements de la gare banlieue Paris- 
Orsay. (500 mots & fig.) 


656 .211 .5 (44) 


1961 
La Vie du Rail, 10 septembre, p. 22. 
Prolongement du chemin de fer du Dahomey vers le 
Niger. (800 mots & carte.) 


385 (09 (66) 


1961 
La Vie du Rail, 17 septembre, p. 17. 
PEIGNE (R.). — 278 tonnes sur un wagon. (900 mots 
& fig.) 


625 .245 (44) 


1961 
La Vie du Rail, 17 septembre, p. 20. 
CABRERA (J.B.). — Mise en service du_ train 
« TALGO » sur les lignes Madrid-Barcelone et Madrid- 
Séville. (1 000 mots & fig.) 


656 .222 .5 (460) 


In German. 


Die Bundesbahn. (Darmstadt.) 


1961 
Die Bundesbahn, Nr. 15, August, S. 643. 
OEFTERING (H.M.). — Das Problem der Kontingent- 
aufstockung im Giiterfernyerkehr. Eine MoOglichkeit zu 
sch6pferischer Verkehrspolitik. (4 000 Worter.) 


656 (43) 


1961 
Die Bundesbahn, Nr. 15, August, S. 650, 
ZWERNEMANN (W.). — Verfahren zur Ermittlung 
der Leistungsfahigkeit zweigleisiger Strecken durch 


Berechnung der Mindestzugfolgezeiten. (6 000 Wé6Orter, 
Tafeln & Abb.) 


1961 656 (4 
Die Bundesbahn, Nr. 15, August, S. 662. | 

DIETRICH (A.). — Der Wegfall des Widerspruc 
verfahrens im neuen Personenbeférderungsgesetz. (3 Of 


Worter.) 


1961 656 .222 .5 (49. 
Die Bundesbahn, Nr. 15, August, S. 695. “+2 
Neue elektrische TEE-Ziige der Schweizerische 


Bundesbahnen. (1 000 Worter & Abb.) 


Deutsche Eisenbahntechnik. (Berlin.) 


1961 6: 
Deutsche Eisenbahntechnik, August, S. 373. F 
POTTHOF (G.). — Die mathematische Logik 2 


Grundlage der Betriebsfiihrung. (3000 Worter, Tafe 
& Abb.) 


1961 625e— 
Deutsche Eisenbahntechnik, August, S. 379. 
WIESSNER (M.). — Allgemeine Fragen der Ex 


wicklung und Fertigung yon Reisezug- und Triebwage 
(3 500 Worter & Abb.) 

1961 625 .23 & 669 . 
Deutsche Eisenbahntechnik, August, S. 384. 

MICHEL (G.) und GRAHL (F.). — Aluminiw 
Reisezugwagen auf der Leipziger Friihjahrsmesse. (8 
Worter & Abb.) 

1961 625 .143 
Deutsche Eisenbahntechnik, August, S. 385. 

GILBERT (E£.) und ZAREMBA (J.). — Die Bea 
spruchung yon Ejisenbahnschienen. (6 000 Worter, Tafe 
& Abb.) 

1961 
Deutsche Eisenbahntechnik, August, S. 399. 

TEUFEL (M.). — Die Verschleissuntersuchung 
an Triebfahrzeugen. Die Praxis der Verschleissunte 
suchungen an den Triebfahrzeugen der Deutsch 
Reichsbahn und eine Vorschau auf die zu erwartet 
Verschleiss-Kennzahlen. (6 000 Wo6rter, Tafeln & Abl 


62553 


1961 
Deutsche Eisenbahntechnik, August, S. 409. 
GRUSS (A.). Versuche mit dem Druckélverfahr 
an Eisenbahnradsatzen. (Fortsetzung folgt.) (3 000 Wort 
Tafeln & Abb.) 


625 .2 


Der Eisenbahningenieur. (Frankfurt am Mait 


1961 624 . 
Der Eisenbahningenieur, September, S. 244, 

; RODE (K.). — Tunneluntersuchungen — Tunnelme 
einrichtungen. (5 000 Worter, Tafel & Abb.) 

1961 62532 


Der Eisenbahningenieur, September, S. 252. 
_HEROLD (C.). — Rationelle Behandlung der R: 
satze von Schienenfahrzeuge. (5000 Wéorter & Ab 


= [1 


1961 

er Eisenbahningenieur, September, S. 263. 
TSCHIESCHE (W.). — Schallschluckende und akustik- 
| Decken aus Metall. (2 500 WoOrter, Tafeln 


695 


E.T.R.-Eisenbahntechnische Rundschau. 
(Darmstadt.) 


1961 621 .791 
senbahntechnische Rundschau, August, S. 323. 
AHLERT (W.). — Weitere Verbesserungen und inter- 
itionale Ausbreitung der modernen THERMIT-Schienen- 
hweissung. I. Teil. Weitere Verbesserungen der moder- 
nn THERMIT-Schienenschweissung. (6000 Worter, 
ifeln & Abb.) 


1961 7256. 31043), 
senbahntechnische Rundschau, August, S. 337. 
GERBL (H.). — Der Wiederaufbau des Empfangs- 
baude des Miinchener Hauptbahnhofs. (5 000 Worter 
Abb.) 

1961 54 (43) 
isenbahntechnische Rundschau, August, S. 362. 
PRAGST (W.), WISCHERT (W.), SANDKE (R.), 
OMMER (E.A.), HENTZSCHEL (R.), SCHNEI- 
ER (E.), MAULER (Th.) und KUSTER (H.). — Die 
hemie im Dienste der Deutschen Bundesbahn insbeson- 
‘re bei dem Chemischen Versuchsamt Bickeburg. 
000 Worter & Abb.) 

1961 625 .282 (73) 
isenbahntechnische Rundschau, August, S. 376. 
KUNER (A.). — 4 000-PS-C’C’-Krauss-Maffei-Diesel- 
komotive fiir die USA und ihre Vorfiihrung auf der 
mmeringbahn am 3. bis 7. Juli 1961. (1 S00 Worter 
Abb.) 

1961 656 .222 .6 
senbahntechnische Rundschau, August, S. 380. 
KRUGMANN (H.-L.). — Wie begrenzt die Festigkeit 
x Zugeinrichtung die Auslastung der Giiterziige. (1 000 
‘orter & Abb.) 


Elektrische Bahnen. (Miinchen.) 
1961 621 .335 
ektrische Bahnen, Heft 7, S. 145. 
GLADIGAU (A.). — Untersuchung tiber die Achsent- 
stung bei elektrischen Lokomotiven mit zweiachsigen 
rehgestellen. (7 800 Worter & Abb.) 


1961 6217 7335 


ektrische Bahnen, Heft 7, S. 161. 

BACHTIGER (A.). — Betriebserfahrungen mit neu- 
tigen Bo’Bo’Bo’-Schmalspurlokomotiven grosser Leis- 
ng. (2200 Worter & Abb.) 


Elektrotechnik und Maschinenbau. (Wien.) 


1961 621 .316 

Elektrotechnik und Maschinenbau, September, S. 504. 

WAGNER (A.). — Ableitung von Formeln fiir ein- 

Aare Erdschlussstrom an Doppelleitungen. (400 Worter 
) 


Internationales Archiv fiir Verkehrswesen. 
(Frankfurt am Main.) 

1961 — 656 .222 .5 
Internationales Archiv fiir Verkehrswesen, August, S. 255. 

LEHNER (F.). — Der 6ffentliche Nahverkehr im 
Rahmen der stadtischen Generalverkehrsplaine. (4 000 
Worter.) 

1961 656 (06 (4) 
Internationales Archiy ftir Verkehrswesen, August, S. 261. 

KRAUSS (G.). — Die Leitgedanken der Kommission 
der Europaischen Wirtschaftsgemeinschaft zur gemein- 
samen Verkehrspolitik. (7 000 Worter.) 


1961 656 (4) 
Internationales Archiv fiir Verkehrswesen, August, S. 270. 

KUPER (F.M.). — Europiische Zusammenarbeit in 
der Verkehrstechnik als verkehrswissenschaftliche Auf- 
gabe. (3 500 Worter.) 


Der Offentliche Verkehr. (Bern.) 


1961 625 .6 (494) 
Der Offentliche Verkehr, September, S. 3. 

Die Lage der schweizerischen Privatbahnen anhand 
der neuesten Geschaftsberichte. (1 700 Worter & Tabel- 


len.) 


Siemens-Zeitschrift. (Berlin.) 

1961 621 .316 
Siemens-Zeitschrift, August, S. 598. 

MEILER (B.) und RAUCH (W.). — Selektivitat von 


Installations-Schaltgeraten. (2000 Worter & Abb.) 


1961 656 .254 (43) 
Siemens-Zeitschrift, August, S. 622. 
FUNKE (W.). — Selbsttatige Zuglenkung bei der 


Hamburger S-Bahn. (450 Worter, 2 Abb.) 


Signal und Draht. (Frankfurt am Main.) 


1961 656 .253 
Signal und Draht, August, S. 113. 

SCHULZ (H.). — Einheitliche Blinklichtanlagen mit 
Ferniiberwachung (Fii60) an ein- und zweigleisigen 
Bahnen. (4000 Worter & Abb.) 


1961 656.212 .5 
Signal und Draht, August, S. 120. 

SCHMITZ (W.). — Falschléufer in selbsttatigen 
Ablaufstellwerken. (Fortsetzung folgt.) (3000 Worter 


& Abb.) 


ws GD ox 


Verkehr. (Wien.) 
1961 656 .235 (42) 
Verkehr, 26. August, S. 1197; 9. September, Ce YE 
ZIPPERT (W.). — Die Giitertarife der Britischen 
Eisenbahnen im Binnen- und internationalen Verkehr. 
(2900 Worter & Abb.) 


Wissenschaftliche Zeitschrift der Hochschule 
fiir Verkehrswesen Dresden. (Dresden.) 


1960/61 624 .2 
Wissenschaftliche Zeitschrift der Hochschule fiir Ver- 
kehrswesen Dresden, Heft 2, S. 245. 
REICH (O.). — Die Biegetheorie fiir Sandwichbalken. 
Teil I und II. (4000 Worter & Abb.) 


1960/61 656225 
Wissenschaftliche Zeitschrift der Hochschule fiir Ver- 
kehrswesen Dresden, Heft 2, S. 255. 
POTTHOFF (G.). — Der regelmassige Fahrplan. 
(4000 Worter, Tafeln & Abb.) 
1960/61 656 .225 
Wissenschaftliche Zeitschrift der Hochschule fiir Ver- 
kehrswesen Dresden, Heft 2, S. 263. 
KURZ (H.). — Kombiniertes Ladesystem fiir Schiitt- 
und Stiickgut. (1 600 Worter & Abb.) 


1960/61 625 .28 
Wissenschaftliche Zeitschrift der Hochschule fiir Ver- 
kehrswesen Dresden, Heft 2, S. 267. 
HOCHMUTH (A.). — Der Haftgrenzwert und sein 
Einfluss auf die Mechanik der Zugférderung. (5 000 WG6r- 
ter & Abb.) 
1960/61 621 .134. .1 
Wissenschaftliche Zeitschrift der Hochschule fiir Ver- 
kehrswesen Dresden, Heft 2, S. 285. 
SCHIMMING (H.) und UHLICH (S.). — Beitrag 
zur Beurteilung des Verschleissverhaltens yon Kolben- 
schieberringen und Schieberbuchsen bei Dampflokomo- 
tiven. (5 000 Worter, Tabellen & Abb.) 


1960/61 O25"212 

Wissenschaftliche Zeitschrift der Hochschule fiir Ver- 
kehrswesen Dresden, Heft 2, S. 295. 

MOSKEN (K.). — Verschleissmindernde Massnahmen 
an Radreifen yon Schienenfahrzeugen und ihre Aus- 
wirkungen auf den Schienenverschleiss. (4000 Wéorter 
& Abb.) 


1960/61 621 .39 
Wissenschaftliche Zeitschrift der Hochschule fiir Ver- 
kehrswesen Dresden, Heft 2, S. 313. . 


WITTING (R.) und WINKLER (G.). — Ein Beitrag 
zur Entwicklung von Lokomotivantennen im UKW- 
Gebiet fiir Rangier- und Streckenfunkdienste der Deut- 
schen Reichsbahn. (2 500 Wérter & Abb.) 


1960/61 691 
Wissenschaftliche Zeitschrift der Hochschule fiir Ver- 
kehrswesen Dresden, Heft 2, S. 359. 


CONRAD (D.). — Woyon hiingt die Betonfestigkeit 
ab ? (1 800 Worter & Abb.) 


1960/61 ‘ 72k. 
Wissenschaftliche Zeitschrift der Hochschule fiir Ve1 
kehrswesen Dresden, Heft 2, S. 373. ' 
BIENERT (G.) und SCHMIDT (G.). — Beitrag zu 
Ermittlung yon Tragreseryen in massiven Gewdlbebriicker 
Teil I: Modellstatische Ermittlung der durch Mi 
wirkung der Aufbauten reduzierten Verkehrslastspar 
nungen in einem Einzelgewélbe. (3 500 Worter, Tafel 
& Abb.) 
1960/61 385 (09 3 (4: 
Wissenschaftliche Zeitschrift der Hochschule fiir Ve: 
kehrswesen Dresden, Heft 2, S. 415. 
REHBEIN (E.). — 125 Jahre deutsche Eisenbaht 
(7000 Worter & Abb.) 
1960/61 656 .2 
Wissenschaftliche Zeitschrift der Hochschule fiir Ver 
kehrswesen Dresden, Heft 2, S. 447. 
WIDERSTEIN (K.). — Methoden der Preisdifferer 
zierung bei der Giitertarifbildung. (7 000 Worter.) 


In English. 


Electric Traction on the Railways. (Brussels. 


1961 621 .33 (4: 
Bulletin of the International Railway Congress Ass¢ 
ciation — Electric Traction on the Railways, No. ’ 
July, p. 303. 
CALVERLEY (H.B.) and GRAHAM (G.W.). - 
Development in 50 c/s traction. (2400 words & figs 


1961 621 .431 .72 (4 
Bulletin of the International Railway Congress Ass« 
ciation — Electric Traction on the Railways, No. ’ 
uly srs 
FLETY and BOISSON. — The series 040 DG Dies 
electric locomotives of the S.N.C.F. (4 400 words & figs 


1961 621 .31 
Bulletin of the International Railway Congress Ass« 
ciation — Electric Traction on the Railways, No. ’ 
July, p. 335. | 
BALKOW (J.), LOWEL (H.) and REITWIESSNE 
(F.). — Controlled silicon rectifiers. (1 800 words & figs 


1961 621 73: 
Bulletin of the International Railway Congress Assi 
ciation — Electric Traction on the Railways, No. | 
July, p. 341. 
LUCAS (H.W.). — Electro-pneumatic contactors f 
traction. (1 500 words & figs.) 


1961 625.28 
Bulletin of the International Railway Congress Ass 
ciation — Electric Traction on the Railways, No. 
July, p. 348. 
ZIEBART (E.). — A high capacity test bench f 
locomotive gears. (1 450 words & figs.) 


ea ae 


The Chartered Mechanical Engineer. (London.) 


1961 621 .89 
the Chartered Mechanical Engineer, September, p. 414. 
ae (G.W.). — Friction and progress. (3 000 words 

gs. 


Reports, Association of American Railroads. 
(Chicago.) 
1961 385 (061 .4 (73) 
Advance Reports, Association of American Railroads, 
‘irst Annual Meeting, Communication and Signal Sec- 
ion, Toronto, Ontario, October 2, 3 and 4, 1961. (392 
ages, illustrated.) 


The Engineer. (London.) 
1961 
fhe Engineer, August, 4, p. 200. 
— Diesel railway breakdown crane. (800 words 
gs. 


625 .172 


1961 
fhe Engineer, August, 11, p. 239. 
Tests on an « Austerity » locomotive fitted with a 
nechanical stoker. (1 100 words & figs.) 


621.133 <1 


1961 
The Engineer, August, 18, p. 262. 
LIVESAY (E.H.). The Compound locomotive in 
‘rance. (9000 words & figs.) 


621 .132 .1 (44) 


1961 
fhe Engineer, August, 25, p. 344. 
Silicon rectifier locomotives for the Congo. (1 600 words 
& figs.) 


621 .335 (675) 


Ganz-Mavag Bulletin. (Budapest.) 


1961 625 .28 (01 
sanz-Mavag Bulletin, May, p. 68. 

PARKAI (I.). — Two fundamental factors of railway 
raction : Resistance and tractive force. Their comput- 
tion, research and check measurements. (3 500 words, 


ables & figs.) 


1961 625.213 
janz-Mavag Bulletin, May, p. 88. L 
DESTEK (M.) and HAUBOS (K.). — Running 


uality test of railway vehicles. (7000 words & figs.) 


-roceedings, The Institution of Civil Engineers. 


(London.) 
1961 624 .63 (42) 
roceedings, The Institution of Civil Engineers, Septem- 
ber, p. 1. 


TURTON (F.). — Three prestressed concrete railway 
ridges. (18 pages, illustrated.) 


International Railway Journal. (The Hague.) 


1961 621 .337 & 621 .431 .72 (54) 
International Railway Journal, July, p. 21. 
The Suri-transmission. (1 800 words & figs.) 


1961 385 & 656 .2 
International Railway Journal, July, p. 27. 

ILO looks at modernization on the rails. (2 500 words 
& figs.) 

1961 
International Railway Journal, July, p. 32. 

Hamburg tests the DT 2. (600 words & figs.) 


625 .4 (43) 


1961 621 .431 .72 
International Railway Journal, July, p. 34. 

Germany-Italy-Japan : New concepts in shunters. 
(2000 words & figs.) 


Modern Railroads. (Chicago.) 


1961 
Modern Railroads, July. p. 59. 
MYERS (E.T.). — Rio Grande’s data revolution. — 
I, U-IIl. (9 400 words & figs.) 


65 (73) 


1961 
Modern Railroads, July, p. 81. 
Test hydraulic yard speed control. (500 words & figs.) 


656 .212 .5 (73) 


1961 
Modern Railroads, September, p. 91. 
REED (B.). — Why Europe turns to Diesel hydraulics. 
(2 500 words & figs.) 


621 .431 .72 (4) 


1961 
Modern Railroads, September, p. 98. 
Diesel hydraulics are coming. (1500 words & figs.) 


621 .431 .72 (73) 


Modern Transport. (London.) 


1961 625 .253 (42) 
Modern Transport, July 1, p. 3. 


Disc-braked railway wagons. (1400 words & figs.) 


1961 621 .335 (44) 
Modern Transport, July 1, p. 13. 
Dual current electric locomotive performance. (900 


words & figs.) 


1961 621 .338 (42) 
Modern Transport, July 8, p. 6. 
Metropolitan line re-equipment. — Dual-purpose 


rolling stock (continued). (500 words & figs.) 


1961 621 .431 .72 (42) & 625 .282 (42) 
Modern Transport, July 8, p. 12; July 15, p. 12. 
Eastern Region Type 3 Diesel. (1 800 words & figs.) 


= TAR 


Railway Age. (New York.) 

1960 625 .232 (73) 
Railway Age, October 3, p. 16. 

Convair shows transit design. (500 words & figs.) 


1960 385 .13 & 657 (73) 
Railway Age, October 3, p. 18. 

PRR mechanizes property tax accounting. (900 words 
& figs.) 


1960 621 .32 (73) 
Railway Age, October 3, p. 24. 


How UP lights repair track. (350 words & figs.) 


1960 656 .225 & 656 .235 .1 (73) 
Railway Age, October 17, p. 9. 
Fourth morning coast-to-coast. (450 words.) 


1960 
Railway Age, October 17, p. 13. 
Rail automation : here, now. (1 C00 words.) 


62 (71 (73) 


1960 656 .2 
Railway Age, October 17, p. 18. 

Rail transit : what’s ahead ? (1 200 words.) 

1960 656 .254 
Railway Age, October 17, p. 25. 

Radio controls GE switcher. (350 words & figs.) 


1960 
Railway Age, October 17, p. 26. 
New York has automatic train. (500 words & figs.) 


62 & 656 .22 (73) 


1960 
Railway Age, November 28, p. 9. 
ICC gets New Haven relief plan. (1 000 words.) 


385 (73) 


1960 656 .1 & 656 .225 (73) 
Railway Age, November 28, p. 17. 


Shippers support « one-plan » TOFC. (700 words.) 


1960 656 .1 & 656 .225 (73) 
Railway Age, November 28, p. 22. 

TOFC traffic, revenues reach new highs as autos roll 
by rail. (1 700 words & figs.) 


1960 656 .1 & 656 .225 (73) 
Railway Age, November 28, p. 38. 


Why GSC turns to piggyback. (700 words & figs.) 


1960 
Railway Age, November 28, p. 58. 
New bridge clears river traffic. (1000 words & figs.) 


1960 
Railway Age, November 28, p. 65. 
T & P builds special auto-ramps. (400 words & figs.) 


1960 656 .1 & 656 .225 (73) 
Railway Age, December 19/26, p. 9. 
REA plans TOFC trailer pool. (450 words.) 


624 .32 (73) 


656 .225 (73) 


1960 656 & 658 .16 (73) 
Railway Age, December 19/26, p. 10. 
C & O claims victory in B & O contest. (450 words.) 


1960 656 .225 (73) 
Railway Age, December 19/26, p. 18. 


How RRs fight lading damage. (950 words & figs.) 


1960 385 & 656 .225 (73) 
Railway Age, December 19/26, p. 38. 

CN takes analytical approach to loss and damage 
prevention. (1 200 words.) 


1961 385 (73) 
Railway Age, January 9, p. 7. 


Doyle asks transport changes. (1 800 words.) 


1961 
Railway Age, January 9, p. 9. 
ICC lets differentials stand. (350 words.) 


656 .231 (73) 


1961 
Railway Age, January 9, p. 11. 
What’s wrong with railroad TV ? (400 words.) 


656 .254 


1961 
Railway Age, January 9, p. 14. 
Mc KNIGHT (R.W.). — Radio can save you time 
and money. (1 000 words.) 


656 .254 


1961 625 
Railway Age, January 9, p. 18. 
PRR plans for traffic upturn. (700 words & figs.) 


.24 & 656 .23 (73) 


1961 
Railway Age, February 6, p. 13. 
Frisco has big microwave plans. (300 words & figs.) 


621 .37 (73) 


Railway Engineering. (Cape Town.) 


1961 625 .233 
Railway Engineering, August, p. 22. 

The development of lighting in railway coaches. (2 000 
words & figs.) 

1961 625 .144 & 625 .172 
Railway Engineering, August, p. 27. 

Many new methods and machines for improving the 
permanent way. (1 500 words & figs.) 


1961 625 .144 & 625 .17; 
Railway Engineering, August, p. 35. 

Plasser machines assist South African Railways 
(1 100 words & figs.) 

1961 
Railway Engineering, August, p. 38. 

Developments in the use of Kango portable electric 
ballast tampers. (450 words & figs.) 


625: 1% 


1961 625 .144 & 625 .17: 
Railway Engineering, August, p. 39. 

British loco builders make ballast cleaning machine 
(250 words & figs.) 


oe PAS 


The Railway Gazette. (London.) 


1961 
the Railway Gazette, July 28, p. 98. 
GREEN (R.A.). — Signalling and telecommunications 
n the Eastern Region. (1 800 words & figs.) 


656 .25 (42) 


1961 
the Railway Gazette, July 28, p. 102. 
4 5 Agel locomotives for British Railways. (400 words 
gs.) 


625 .282 (42) 


1961 
“he Railway Gazette, July 28, p. 103. 
Oil fuel combustion heaters on British Railways. 
400 words & figs.) 


625 .234 (42) 


1961 
"he Railway Gazette, July 28, p. 106. 
Railway electrification in the U.S.S.R. (800 words 
x figs.) 


621 .33 (47) 


1961 
The Railway Gazette, July 28, p. 108. 
Electric sets for Trans-Europe express trains. (700 
vords & figs.) 


621 .33 


1961 656 .25 (42) 
The Railway Gazette, August 4, p. 129. 
HANSTOCK (P.W.). — Microwave radio-telephone 


n the North Eastern Region. (2 200 words & figs.) 


1961 
The Railway Gazette, August 4, p. 137. 
Lifting barriers at Barton Street in the Western Region. 
600 words & figs.) 


625 .162 (42) 


1961 625 .25 
The Railway Gazette, August 11, p. 157. 

Modernised yacuum-brake equipment. (900 words 
& figs.) 

1961 625 .282 (42) 


fhe Railway Gazette, August 11, p. 159. 
Type 5 locomotive for British Railways. (1 000 words 
& figs.) 
1961 
fhe Railway Gazette, August 25, p. 216. 
KOFFMAN (J.L.). — Carriage and railcar bogies 
heir design and development. — IV (concluded). (1 100 
vords & figs.) 


1961 
fhe Railway Gazette, August 25, p. 223. 
Signalling on the Dijon-Vallorbe line of the S.N.C.F. 
1300 words & figs.) 


1961 656 .212 .5 (941) 
The Railway Gazette, September 1, p. 247. 

Interchange marshalling yard at Leighton, Western 
\ustralia. (650 words.) 


6252215 


656 .25 (44) 


1961 625 .232 (42) 
‘he Railway Gazette, September 1, p. 249. 

Pullman cars for British Railways, North Eastern 
tegion. (550 words & figs.) 


Diesel Railway Traction. (London.) 


1961 
Diesel Railway Traction, July, p. 256. 
Small heaters for railcars. (900 words & figs.) 


625 .234 


1961 
Diesel Railway Traction, July, p. 257. 
Hydraulic individual axle drive. (3 000 words & figs.) 


621 .337 


1961 621 .431 .72 (42) 
Diesel Railway Traction, July, p. 271. 

Brush locomotives of British Railways. (3 000 words 
& figs.) 

1961 
Diesel Railway Traction, August, p. 291. 

Type 3 Diesel-hydraulic locomotives. (1000 words 
& figs.) 


625 .282 (42) 


1961 
Diesel Railway Traction, August, p. 295. 
4000 HP locomotive units for U.S.A. (6000 words 
& figs.) 


625 .282 (73) 


Railway Locomotives and Cars. (New York.) 


1961 656 .25 
Railway Locomotives and Cars, March, p. 31. 

AYDELOTT (J.C.). — Brake application limit wheel 
slip. (2000 words & figs.) 


1961 625.7.232,(73) 
Railway Locomotives and Cars, March, p. 40. 

Milwaukee puts stainless-steel cars in commuter ser- 
vice. (400 words & figs.) 

1961 621 .333 
Railway Locomotives and Cars, March, p. 44. 

Developing traction-motor insulation (fo be continued). 
(1 600 words & figs.) 

1961 621 .431 .72 (73) 
Railway Locomotives and Cars, August, p. 15. 

Rio Grande measures ring wear. (1 900 words & figs.) 


1961 : 625 .245 (73) 
Railway Locomotives and Cars, August, p. 21. 
Unusual tank gives high capacity. (400 words & figs.) 


Railway Signalling and Communications. 
(New York.) 
1961 656 .25 (73) 


Railway Signalling and Communications, August, p. 15. 
Santa Fe signals new main line. (1 400 words & figs.) 


1961 656 .25 (73) 
Railway Signalling and Communications, August, p. 20. 

Digital computer simulated CTC dispatcher. (900 words 
& figs.) 


— 146 — 


In Italian. 


Giornale del Genio Civile. (Roma.) 
1961 624 .6 
Giornale del Genio Civile, luglio-agosto, p. 634. _ 

PAGANO (M.) & SANNINO (R.). — Contributo 
teorico-sperimentale al problema dell’instabilita delle 
yolte travi. (Continua.) (7000 parole, tavole & fig.) 


Politica dei Trasporti. (Roma.) 
1961 385 (45) 
Politica dei Trasporti, luglio-agosto, p. 319. 
PINTO (G.). — Il bilancio dei trasporti e la relazione 
della Commissione di esperti sulla situazione delle F.S. 
(4500 parole & tavole.) 


Rivista di Ingegneria. (Milano.) 


1961 621 .38 
Rivista di Ingegneria, agosto, p. 821. 

CALIGIURI (G.P.). — I transistors come elementi 
operazionali nella tecnica del calcolo analogico. (3 000 
parole & fig.) 

1961 
Rivista di Ingegneria, agosto, p. 837. 

LENTI (F.) & MOSCONE (G.). — Problemi di lubri- 
ficazione dei motori a due tempi a benzina. (1 500 parole 
& fig.) 


621 .89 


In Netherlands. 


De Ingenieur. (Den Haag.) 


1961 624 .8 (492) 
De Ingenieur, n™ 33, 18 augustus, p. B. 141. 

VAN SCHRAVENDIJK (J.F.). — Het onderzoek 
naar het bezwijken van de basculebrug over de Parksluizen 
te Rotterdam. (1 500 woorden & fig.) 


1961 
De Ingenieur, n™ 33, 18 augustus, p. V. 50. 
Personensnelvyerkeer in grote beyolkingscentra. (1 500 
woorden & fig.) 


625 .4 


1961 621 .338 (45) 
De Ingenieur, n™ 33, 18 augustus, p. V. 53. 

Nieuwe elektrische vierwagentreinen eerste klasse van 
de Italiaansche Staatsspoorwegen. (300 woorden & fig.) 


1961 
De Ingenieur, n™ 34, 25 augustus, p. E. 67. 
DE JONG (H.C.J.) en WIJNTERP (W.). — Meting 
van de spanningdeuk van draaistroomgeneratoren bij 
plotselinge belastingtoename. (3 000 woorden & fig.) 


621 .31 


1961 691 
De Ingenieur, n™ 34, 25 augustus, p. Bt. 102. , 

PAUW (A.). — The present status of structural light- 
weight concrete in the U.S.A. (5 000 woorden & fig.) 


669 .1 (0¢ 


1961 
De Ingenieur, n™ 35, 1 september, p. B. 153. 
XX¢ Internationaal Staalcongres, gehouden van 29- 
31 mei 1961 te Milaan. (2 000 woorden.) 


1961 62 (01 
De Ingenieur, nt 35, 1 september, p. W. 123. 
pe PATER (C.). — Thermal stresses in tube plates. 


(2500 woorden & fig.) 


Spoor- en Tramwegen. (Den Haag.) 


1961 656 .225 (492) 
Spoor- en Tramwegen, n™ 16, 10 augustus, p. 257. 

VAN NIMWEGEN (F.A.J.). — Marktonderzoek 
yoor het goederenyervoer bij N.S. (2500 woorden. 


1961 656 .25¢ 
Spoor- en Tramwegen, n™ 16, 10 augustus, p. 260. 

VAN ALBADA (N.B.). — Automatisatie van het 
werk van de dispatcher, door A.A. EILER en B. ZAYV- 


JALOY. (Russisch tijdschrift « Spoorwegtransport » 
april 1961. (Samenvatting.) (1 200 woorden & fig. 
1961 625 .232 (4 


Spoor- en Tramwegen, n™ 16, 10 augustus, p. 261. 
WEEMAELS (F.). — De Internationale Maatschappi 
van de Slaapwagens en de Grote Europese Expressen 
(2000 woorden & fig.) 
196! 385 (09 (73 
Spoor- en Tramwegen, n™ 16, 10 augustus, p. 264. 
STUNNENBERG (J.). — De Pennsylvania Railroac 
Company. (1 500 woorden & tabellen.) 


1961 625% 
Spoor- en Tramwegen, n™ 16, 10 augustus, p. 269. 

VAN WIJCK JURRIAANSE. — Nog iets ove 
twee- en drieassig materieel. (900 woorden.) 


1961 656 .222 .6@4 
Spoor- en Tramwegen, n™ 17, 24 augustus, p. 273. 

KORSWAGEN (J.W.). — TEEM — Het ontstaai 
van het TEEM-net in de internationale goederentrein 
dienst. (2000 woorden & fig.) 


1961 625 38 
Spoor- en Tramwegen, n™ 17, 24 augustus, p. 277. 
HAUER (J.M.). — Internationale samenwerking 0} 


het gebied van het wegonderhoud. (800 woorden & fig. 


1961 656 .2 (41 
Spoor- en Tramwegen, n™ 17, 24 augustus, p. 278. 

Reorganisatie van de Ierse Spoorwegen. (1 200 woordei 
& fig.) 

1961 656 .2 (497 .2 
Spoor- en Tramwegen, n‘ 17, 24 augustus, p. 280. 

STUNNENBERG (J.). — Georgi Dimitroy leeft nog 
(2000 woorden, tabellen & fig.) 


xe U9 ces 


In Portuguese. 


Boletim da C.P. (Lisboa.) 


1961 725 .33 (469) 
3oletim da C.P., n° 386, agosto, p. 9. 

AMORIM (0.) & CAMEIRA (P.). — A constru¢4o 
las novas oficinas Diesel-eléctricas no Entroncamento. 


“iscalizagao das obras. (Continua.) (1 000 palavras & fig.) 


Gazeta dos Caminhos de Ferro. (Lisboa.) 


1961 656 .2 (06 

sazeta dos Caminhos de Ferro, n° 1769, 1 de Setembro, 
p. 239. 

BUSQUETES DE AGUILAR (M.). — Relagées 


erroyiarias de caracter internacional. (2 000 palavras.) 


1961 656 .2 (84) 
sazeta dos Caminhos de Ferro, n° 1770, 16 de Setembro, 
p. 260. 


de BRITO LEAL (C.). — Os Caminhos de ferro 
10s paises longinquos. A rede ferroviaria da Bolivia. 
2000 palavras & mapa.) 


Técnica. (Lisboa.) 

1961 621 .438 
Técnica, Julho, p. 589. 

ADRIAO DE SEQUEIRA (J.C.). — Turbinas a gas. 


4 500 palavras, quadros & fig.) 


In Polish (= 491 .85). 


Przeglad Kolejowy Mechaniczny. (Varsovie.) 


1960 625 .28 (438) = 491 .85 
-rzeglad Kolejowy Mechaniczny, janvier, p. 1. 

MLODECKI (W.). — Le service de la traction aux 
>.K.P. (Chemins de fer de l’Etat polonais) en 1959 
t_ ses taches principales en 1960. (2 900 mots.) 


1960 625 .2 (438) = 491 .85 
>rzeglad Kolejowy Mechaniczny, janvier, p. 5. 

NEUMANN (T.). — Le service du matériel roulant 
ux P.K.P. en 1959 et 1960. (3 100 mots & fig.) 


1960 625 .212 = 491.85 
rzeglad Kolejowy Mechaniczny, janvier, p. 24. 

PIEROZEK (B.). — La réparation par soudure élec- 
rique a la main des bandages de roue endommagés. 
1200 mots & fig.) 


1960 625 .28 (438) = 491 .85 
rzeglad Kolejowy Mechaniczny, février, p. 33. ; 

MLODECKI (W.). — Progrés technique dans le service 
le la traction aux P.K.P. d’aprés le plan 1961-1965. 
2800 mots & fig.) 


1960 621 .431 .72 = 491 .85 

Przeglad Kolejowy Mechaniczny, février, p. 40 (suite, 
n° de mars, p. 69). 

WOLERAM (T.). — Le moteur Diesel a haute pres- 
sion et la transmission pour automotrices. (7 100 mots 
& fig.) 

1960 625).213) = 49185 
Przeglad Kolejowy Mechaniczny, mars, p. 76. 

ZIEBA (H.). — La réparation des ressorts 4 lames 
a la remise 4 wagons a Leszno. (3 600 mots & fig.) 


1960 621 .436 = 491 .85 
Przeglad Kolejowy Mechaniczny, avril, p. 104. 

KOWALSKI (E.). — Suralimentation des moteurs 
Diesel (augmentation de la puissance par accroissement 
de la pression moyenne réelle). (900 mots & fig.) 


1960 625 .245 = 491 .85 
Przeglad Kolejowy Mechaniczny, avril, p. 107. 

GANDZIAREK (M.). — Un nouveau type de wagons 
pour le transport des pores. Série Snsh. (1 100 mots 
& fig.) 

1960 62572150 ——40 ees 
Przeglad Kolejowy Mechaniczny, avril, p. 119. 

BALA (Z.). — Dégats typiques des bogies de voitures 
et leurs réparations. (1000 mots & fig.) 


1960 614 .8 = 491 .85 
Przeglad Kolejowy Mechaniczny, mai, p. 129. 

MLODECKI (W.). — La sécurité du travail dans le 
service de la traction en 1959. (2 600 mots.) 


1960 625 .2 (438) = 491 .85 
Przeglad Kolejowy Mechaniczny, mai, p. 133. 

GANDZIAREK (M.). — Progrés technique dans le 
matériel roulant des P.K.P. en 1961-1965. (2500 mots.) 


1960 621 .335 (438) = 491 .85 
Przeglad Kolejowy Mechaniczny, juin, p. 161. 

ZIELINSKI (A.). — Dispositifs d’homme-mort dans 
les locomotives électriques des P.K.P. (1 600 mots & fig.) 


1960 621 .33 (438) = 491 .85 
Przeglad Kolejowy Mechaniczny, juin, p. 171. 

JOZWIAK (W.). — Développement de Vélectrification 
aux P.K.P. (1 100 mots & fig.) 


1960 625 .24 = 491 .85 
Przeglad Kolejowy Mechaniczny, juin, p. 173. 

UCIESZYNSKI (J.). — Révisions périodiques des 
wagons dans les remises. (2 100 mots.) 


1960 625 .245 = 491 .85 
Przeglad Kolejowy Mechaniczny, juin, p. 176. 

LEWANDOWSKI (W.). — Nouveau wagon-citerne 
pour le transport de l’anhydride carbonique liquide. 
(2000 mots & fig.) 


1960 625 .248 = 491 .85 
Przeglad Kolejowy Mechaniczny, juin, p. 181. 

KIELKIEWICZ (W.). — Désinfection des wagons. 
(1 500 mots & fig.) 


— 148 — 


Przeglad Kolejowy Przewozowy. (Varsovie.) 


1960 656 .21 (438) = 491 .85 
Przeglad Kolejowy Przewozowy, janvier, p. 2. : 

ZAIFRYD (M.). — Résultats du travail du service 
d’exploitation aux P.K.P. (2800 mots & tableaux.) 


1960 656 (438) = 491 .85 
Przeglad Kolejowy Przewozowy, février, p. 36. 

OMELIANIUK (S.). — Pologne — pays de transit. 
(3100 mots & fig.) 


1960 625 .28 = 491. .85 
Przeglad Kolejowy Przewozowy, mars, p. 66. 
MLODECKI (W.). — Mieux exploiter les moyens 


de traction ! (3 200 mots & tableaux.) 


1960 656 .225 = 491 .85 
Przeglad Kolejowy Przewozowy, mars, p. 74. 

Rationalisation des transports sidérurgiques. 
mots.) 


(1 200 


1960 656-212" — 49ie85 
Przeglad Kolejowy Przewozowy, mars, p. 76. 

KOSMIDER (J.). — L’observation des _principes 
d’exploitation constatée dans les maneuvres. (1 000 mots.) 


1960 656 .2 = 491 .85 

Przeglad Kolejowy Przewozowy, avril, p. 99 (suite, 
(AONE, ds LA) 

PIELAS (C.). — Procédés technologiques rapides. 
(2 400 mots & fig.) 

1960 656, 2255 — 
Przeglad Kolejowy Przewozowy, avril, p. 101. 

ROSZAK (T.). Le transport des envois dans des 
containers universels. (2 100 mots & tableaux.) 


491 .85 


1960 621.431 .72) (438) = 491 85 
Przeglad Kolejowy Przewozowy, avril, p. 105. 

KOWALSKI (E&.). — Le matériel roulant Diesel 
aux P.K.P. (2 200 mots & fig.) 


1960 656 .28 (438) = 491 .85 
Przeglad Kolejowy Przewozowy, mai, p. 114. 

GRYZEL (1.). — Avaries accidentelles aux P.K.P. 
en 1959. (1 900 mots, tableaux & fig.) 


1960 625 2829 4S ie85 
Przeglad Kolejowy Przewozowy, mai, p. 124. 
SZKOP (Z.)5 —=— Les avantages économiques résultant 


de Vemploi des locomotives Diesel dans les mancuvres. 
(2 400 mots.) 


1960 


656.2. = Aol .85 
Przeglad Kolejowy Przewozowy, juin, fe Gile 
ZABOROWSKI (M.) et KRYNICKI (J.). — La 


‘régularité du trafic des trains. (2 300 mots.) 


In Russian (+ German and Chinese) 
(= 491-9): 


Bulletin de l’OSJD. (Varsovie.) 


1960 656 .2 (617) = 4917 
Bulletin de l’OSJD, n° 1, p. 3. : 
LEGDEN DAMDINDHAW. — La planification des 


transports aux Chemins de fer de Mongolie. (1 300 mots.) 


1960 
Bulletin de l’OSJD, n° 1, p. 5. 
HUAN DO. — Performances du service d’exploitation 
des Chemins de fer Chinois. (2 100 mots.) 


656 .21 61) = 491 


1960 656.1, = 4915 
Bulletin de l’}OSJD, n° 1, p. 8. 

ASSANOWICZ (B.M.) et DAWYDOW (W.M.). — 
Recherche scientifique concernant le transport par auto- 


mobiles et le service routier. (1 SOO mots.) 


1960 
Bulletin de POSJD, n° J, p. 11. 
HOFMANN (K.). — Containers déformables pour 
le transport des matiéres liquides et pulvyérulentes. (1 400 
mots.) 


656 .225 = 491 7 


1960 621 335. = 49) a 
Bulletin de ’OSJD, n° 1, p. 13. 
SAMOKHVALOV (A.W.). — Le choix des loco- 


motives électriques a courant alternatif et des installations 
de traction électrique. (2 200 mots & tableaux.) 


1960 656, ..223..2 — 491 
Bulletin de POSID, n° 2, p. 1. 
ROBEL (R.I.). — L’accroissement des transports 


exige l’emploi de méthodes plus perfectionnées d’exploi- 
tation des wagons. (1 200 mots.) 


1960 
Bulletin de ’OSJD, n° 2, p. 3. 
MAO I-CHEN et TCHAI MO. — Dix années de 
développement de la science et de la technique du transport 
ferroviaire dans la République Populaire de ‘Chine. 
(3 900 mots.) 


656 .2 (51) = 491 7 


1960 
Bulletin de VOSJD, n° 2, p. 9. 
ALBEGOY (N.). — Les freins électropneumatiques 
pour les yoitures et les wagons. (1 700 mots & fig.) 


625 .235 = 497 


1960 
Bulletin de VOSJD, n° 2, p. 12. 
REZABEK (J.). — La collaboration de POSJD avec 


les autres Organisations internationales de transport. 
(1 200 mots.) 


656 .2. (06 = 491 


1960 
Bulletin de ’OSJD, n° 2, p. 14. 
SEREDINE (A.). — Sabots de frein non-metalligues 
pour le matériel roulant. (600 mots.) 


625 .252, = 491 @ 


AS 


1960 
Bulletin de ’OSJD, n° 3, p. 1. 
KALININE (S.S.). — WL’unification du matériel- 
autorails et la spécialisation de la production de celui-ci. 
(1 800 mots.) 


625 .285 = 491 .7 


1960 
Bulletin de ’OSJD, n° 3, p. 4. 
GUTTER (R.). — Mesures efficaces pour réduire la 
tare des wagons. (2 300 mots & fig.) 


625 .24 = 491 .7 


1960 625 .17 = 491 .7 
Bulletin de ’OSJD, n° 3, p. 8. 
U TCHEN-SAN et GARTNER (C.). — Petite 


mécanisation des travaux a la superstructure. (1 700 mots 
& fig.) 
1960 
Bulletin de ’OSJD, n° 3, p. 15. 
OLSAR (V.). — Création d’un systéme d’informations 
d’ordres technique et économique entre les chemins de fer 
participants de l’?OSJD. (1 800 mots.) 


656 .2 (06 = 491 .7 


1960 
Bulletin de ’?OSJD, n° 3, p. 11. 
KHAN LI-PIN. — Des améliorations en service 
yoyageurs international (« SMPS »). (1 200 mots.) 


656 .222 .5 = 491 .7 


1960 
Bulletin de ’OSJD, n° 3, p. 13. 
TIMOCHENKOV (I.T.). — L’alimentation élec- 


trique des trains de yoyageurs, un probléme actuel. 
(1 700 mots.) 


621 .332 = 491 .7 


1960 
Bulletin de ’OSJD, n° 3, p. 16. 


GORSKI (W.).!— Definition du droit de transport. 
(2 200 mots.) 


347 ./63 = 491 77 


In Swedish (= 439.71). 


Jarnvags - Teknik. (Stockholm.) 


1961 385) 523 — 439.71 
Jarnvags-Teknik, n° 5, p. 103. 
SVANTESSON (G.). — Systéme de salaire aux 


pieces pour ateliers d’entretien. (2000 mots & fig.) 


1961 
Jarnvags-Teknik, n° 5, p. 106. 
RYDBERG (G.). — Vitesses de voyage sur les che- 
mins de fer pendant l’été 1961. (1 700 mots.) 


656 .222 .1 = 439 .71 


M. Weissenbruch & Co., Ltd., Printer to the King, 40, rue de l’Orphelinat, Bruxelles 7. 
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